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' Boron compounds. have been considered, for many years as possible addi- 
tions to iron and ‘steel. A very, recent use of boron-steel rods was for the 
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controlof neutron antenet ty inthe graphite-uranium pile at the Clinton 
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Nortel) peer that slags containing boric oxide ‘reduce the ferrous 
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is often called a ered en steel. The study or “a series of iron-boron 
alloys by convenient steps, starting with iron containing no boron, indi- 
cated that boron was a hardening agent and made the iron very Giiricult if 
not impossible to forge, Then came the discovery that very minute traces 
of boron are quite different ecm ae smallest amount pee thought 
worthy of study. 


The use.of substantial quantities of boron aeeoees, the properties of 
cast iron and stcel. Guillet(37) reports that the tonsile strength and 
elastic limit .of steel .increase with the quantity of boron introduced and 
that the percentage of elongation diminishes. After hardening at &500- 
the strength .and elastic limit are very -mich inoreased. Walter(168), in 
his patent issued in 1924, claimed that 0.001 to 0.100 percont oF boron is 
incorporated in ferrous metals .such as steel or cast iron to immrove the 
texture of the metal or ta render it self-hardening,. 

In 1937 Naton and Piwowarsky(70) observed that increasing the boron 
content of .cast .stceal, containing.0-to 5 percent nickel, from 0.02 to 0.1 
percent, resulted in all instances’ in an increase of strength enc hardness 
both in the normally annealed and in the quenched and tempercc state, 
Tommering at 50°, 150°, and 250° reduced the hardness in all boron-rree 
stcols, while the boron-containing specimens retained their harcness or 
Bhowca a slight procipitation hardening. <All boron specimens showed a 
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Bessemer cast steel with 0.13 percent carbon 
and O to 5 percent nickel after varied heat 
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FIGURE 1.- Effect of boron on mechanical properties of 
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finer grain. Temporing mdo the martensite of the boron-containing steels 
considerably fincr, while in the boron-freoc steels it began to cisintegrate. 
Figure 1 shows the effect of boron on the mechanical vronerties of a Besse- 
mer cast steel with 0.13 percent C and O to 5 percent Ni. 


Hirsch(72) describes a nickel-boron cast iron containing carbon 2.50 
to 3.25 percent, boron 0.70 to 1.10 percent, silicon 0.50 to 1.50 percent, 
manganese 0.50 to 1.25 percent, nickel 3.50 to 4.50 vercent, phosvhorus 
0.05 percent maximum, and sulfur 0.05 percent maximum, which has a melting 
point of 1975° F. and extreme resistance to abrasion, This »evmits sur- 
facing of stéel or cast iron by molten-metal contact and subsequent 
diffusion. 


Yensen(44) studied the effect of boron vpon the magnetic and other 
properties of electrolytic iron melted in VACUO » His results are swmmarized 
as follows: 


als Small percentages of boron added to pure iron and melted in vacuo 
have a double effect vnon the iron, since part of it reduces the iron oxide 
present, and the remainder combines with the iron. 


2, Small additions of boron to iron have a slightly beneficial effect 
upon the magnetic »roperties, vrobably on account of the reduction of iron 
oxide, which more than offsets the effect of the combinec boron. The 
beneficial effect in the present case reaches a maximum with accitions of 
0.05 percent B70 or 0.4 percent B/O-flux and ceases &s soon as the amount 
of combined boron becomes measureble, which occurs with the addition of 
0.1 percent B70 or 0.75 percent Bo0- -flux, 


3. Boron added in a sufficient amount to leave 4 measvrable quantity 
combined with the iron has a pe detrimental effect unon the magnetic 
properties of the iron. 


4, Boron increases:the specific electrical resistance of iron by 0,62 
microhms per 0.1 percent of boron combined with the iron. 


5. The effect of boron upon the mechanical properties of iron is, 
in general, similar to that of carbon. It raises the elastic limit and 
increases the ultimate strength, at the same time decreasing the toughness. 


The addition of boron has also been used to render avstenitic 
chromium-nickel stecls hardenable by heat treatment, Boron alloys of very 
low carbon content show no susccptibility to precipitation hardening; with 
higher carbon, susccptibility to procipitation hardoning is rocuccd by 
lowering tho nickol or raising tho chromium content. The nrecinitation is 
controlled by carbon content. Thc hardoning constituent is a boride- 
carbide solid solution. Precipitation of this phase may havo a diroct 
hardening effect but may also function by depriving the austmito of its 
stabilizing elements and so inducing transformation to martonsito on slow 
cooling or reheating. Cornelius(79) showed that the temper hardoning of 
the low-carbon austcnitic steols containing 8 percent or loss of nickel 
is due solely to the formation of martensite, but when tho carbon is higher 
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' the martensite formation may be preceded by true precipitation hardening. 
Even so, the temper hardening by boron of the chromium-nickel austenitic 
steels is held to be primarily due to martensite formation when the nickel 
does not exceed 8 percent. 


Wasmuht(6.3) attributed the temper. hardening of austenitic chromium- 
nickel steels containing boron to modification of the solubility relations 
of boron in iron brought about by the presence of nickel and chromium. 
Cornelius(79) believed that the temper hardening observed by Wasnmht was 
due mainly to the formation of martensite, 


In 1932 Bennek and Schafmeister(€5) published as their conclvsions the 
fact that the austenitic structure of 188 steel was altered by berylliun, 
boron, and titanium, They found that the toughness of this steel was de- 
creased, while resistance to corrosion was also decreased with increase in 
these elemente and with increase in hardening. 


Boron has been suggested as a scotage hanacine element for steel. 
Chiyevskii(133) drilled cubes of soft iron in the center to about one-helf 
their length and filled the holes with fine amorphous boron or with ferro- 
boron. The holes were closed with stoppers of soft iron, and the stoppers 
were pressed down hard to compress the powderec contents of the cavity. 
The samples were then heated at 950° C. for 2 hours. It was found that 
the boron penetrated into the iron to a depth of 1 m,, and a hard layer 
was obtained. Powdered ferroboron proved more suitable than amorphous 
boron. - 


Campbell and Fay(135) found that boron penetrates e low-carbon steel 
in much the same manner as does carbon under similar conditions, but the 
boron-hardened steels show marked differences in their response to heat 
treatment and are never as hard as steels containing an equivalent quan- 
tity of carbon. They found that nitrogen is mich more readily absorbed by 
a boron steel than by 4 carbon steel, this increase in absorptive power 
being due to formation of boric nitride at temperatures abovo that at which 
iron and nitrogen unite. to form a stable nitride. Boron steols thus nitri- 
fied show those provertios that would be cxnected in a steol of high nitrogen 
content, that is, extreme brittloness and a marked tendoncy toward exfoli- 
ation and chipping. 


Special Addition ents 


The most outstanding use of boron in iron and steel, howcver, has 
been in special alloy addition agents. Among the first svch special agonts 
commercially available was Grainal, offered by the Vanadium Corp, of Americs. 
Several such special addition agents were available to the traco in 192, 
A committce of the American Iron and Stoel Institute(89) renortcd the follcv- 
ing nominal compositions: 
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FIGURE 2.- Multiplying factor for calculating effect of boron on hardenability. 
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Table 1 is & current list indicating the manufacturers of the alloys, 
the first colum boing the commercial designation and the second tho Cor- 
bett ond Willioms(125) designation. 


The function of the boron in these alloys has been tho subjoct of some 
difference of opinion, With the advont of the Grossmann(87) systom of cal- 
culating hardenability it appearcd possiblo to assign to boron an offect of 
the same type as that found for othor stcol alloying elements but of mich 
groator magnitude. This cffect is noticcablo with very small quantities of 
boron. 


Based on tho addition of boron to a stcol of known hardonability, 
Grossmam obtained the data in figuro 2 between the rolation of adced boron 
and tho multiplying factor. 


For purposes of comparison, miltiplying factors for other alloying 
elements as determined by Grossman are given in the following table; 


Elements Multi ing factor 
Manganese (to 1.7 percent) 14+(4,8) een Mn) 


Manganese (above 1.7 percent) 146.0 (percent Mn-0.55) 


Silicon 1+(0.67) (percent Si) 
Aluminum 1+(0.93) (percent Al) 
Nickel (to 3.2 percent) 14+(0.74) (percent Ni) 
Nickel (above 3.2 percent) 14(1.5) (percent Ni-1.63) 
Chromium 14+(2.16) (percent Cr) 
Molybdenum 14(2.53) (percent Mo) 
Zirconium 1+(2.53) (percent Zr) 
Vanadium (to 0.25 percent) 14(1.73) (percent V) 
Titanium (to 0.11 percent). 14+(5.58) (percent Ti) 
Boron (to 0.001 percent) 14+(790) (percent B) 


Crafts and Lamont(117) found thatthe -rosemann miltiplying factor for 
boron increased with the total boron content of the steel (0.30 to 0.55 
percent carbon) up to 1.76 at slightly less than 0.0010 percent boron, and 
then the factor was either constant or decreased slightly. Thcir results 
are given in figure 3. In 1945 the Bureou of Mines undertook to check the 
effect of boron in steel, using a number of special addition agents, as 
well os ferroboron, manganese-boron, boric acid, and borax, The work of 
Corbett and Willioms(125) in the Bureau laboratorics indicates that « steel 
containing 0.52-0.63 percent Mn, 0.56-0.65 percent C, and 0,20-0.55 percent 
Si, fully deoxidized with ferrosilicon, will take up ” enough boron from any 
reduced or oxidic form to give o very large if not fully constant offect on 
hardenability. Their results are shown in figures } and 5. 


1070 -5- 


Google 


a «8 a a = p> — | S820 epixorsy 
yj : uosog pasny 


"20 29 }04n} e494 0339013. 


BO |J0uy 30 *dICD wnue pa é | O74 


ee) © “dic wnipeue . fee: 
1a6uy 5 4] 1pe A , \ jeuresy wn Ipeuea 


“ON 


BOIseWy }O “HOD whipeueA 


{ 
yeuyes9 wn ipeue, 
"BO tLlowy yo "dic wnipeue, 
"OD. 722 105M] jepaW 01390 /9 
"OQ peo 104M) pezaW 0139943 


"dicg SAO] |¥ Qisey O1U9 


OD) *OyW Aol ty wniuez iy 


i 
(6°1-G'1) 


5 10g Dy W AOL TY wnyuey ty 
“0 789101] 1e}9W 01390 /3 
"OD JB 1G1N] /eZOW 013999 


3912) nue} 


sosoujuered UT UsATS Joinqyoesjnuew Aq pettTddns sesk 
J UT pepsooed se sashTBUe TeNpTATpPuL 


foc) °O°T 


SITY 


Original from 
STATE UNIVER 


J 


JHI 


C 


THE 


ed by (50 gle 


Digitize 


I.¢. 7363 


The results of these investigations further indicate that the steels 
were originally fine-grained (7-8.5 P-F grain-size standard) and the grain 
size was unaffected by the boron additions. 


As an average, Corbett and Williams point out that 0.003 percent boron 
exerts the same influence on hardenability as 263 times as much nickel, 90 
times as much chromium, 40 times as much manganese, or 77 times as sion 
molybdenum. | 


It should be noted that the fairly constant and reproducible effect of - 
boron, regardless of the method of addition, is based on its use ertapeene: 
to a steel-making practice which produces a fine grain. | 


The very high multiplying factor of boron up to 0.0025 percent and its 
small or reverse effect beyond that point, indicates a different mechanism 
of action than in the case of manganese, chromium, molybdenum and other 
alloying elements. 


Even in the case of these elements, recent ‘investigations by Hollanan 
and Jaffe(128) and also by Brophy and Miller(123) have indicated that at 
least two hardening effects are involved. Holloman and Jaffe report.that 


in sane steels the formation of bainite restricts the formation of martensite, 


while in others pearlite is the limiting factor. We are inclined to agree 
with these snvests enters: on ets ‘following atetement: 


| * Information available on the elements boron, titendum, and 
vanadium is contradictory » and may indicate that: the effects of 
these elements upon hardenability depend to some extent upon. 
factors other than the amount of the element a arte in the 
austenite. 


If the effect of boron is secondary, we must use ‘caution in attempting 
to apply to it the rules of hardenability established for elements whose 
effect is due to solubility in austenite. Such a secondary effeot on 
hardenability is already known and fully recognized ‘in-austenitic grain-~ 
size control. irs ) 

Although not entirely agreed upon, presumably fine-grained steels.are 
shallower hardening because the increased “internal surface” provides more 
starting points for the austenitic transformations. Fine-grain is produced 
by deoxidation, particularly with excess aluminum, which, as suggested by 
Dean(131) may stabilize the foam cells formed by the gas-metal system at 
the time of solidification. Im any case there is here involved a collotdal 
phenomenon. The problem in ite most basic sense is to prevent the grain... 
boundaries in a fine-grained steel from becoming starting points for 
austenitic transformation. We thus have the advantage of fine-grain and . 
deep-hardening. The nature of the austenitic ‘grain boundaries depends on: 
deoxidation practice and addition agents. The addition of boron is useful 
in such practice, but the entire deoxidation technique and the boron addi- 
tion mist be considered as a whole. Empirical formulas for boron additions 
may therefore have merit which cannot be analyzed in terms of mitiplying 
factors. 
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The very — effect. of. Ronen on hardénability suggests a dispersion 
in the austenite rather than solution. ‘The ‘existence. of a maximim at so 
low & percentage indicates the reaction ‘of: boron.when present beyond a very 
small percentage with some other constituent of the steel. According to 
Tisdale(114), boron in excess.of 0.003 ~percént may cause the formation of 
an envelope of iron-carbide, iron=boride- solid solution around ene grains. 


According to Chandler and Bredig(132), the hardenability effect of. 
boron, either alone or in combination with other elements, is noither et 
alloying effect in the usual sense of ‘the word nor a compound-formation 
with nitrogen but appears to be the influente. of a fluxing agent upon the 
particle size of nitrides of other’ elements;-"such as: those of aaa a 
aluminum, titeniun, and zirconium, - 


The work of .the Bureau of Mines ee cervete and Williams indi-. 
cates that carbon, silicon, and manganese all. combine with the boron to 
increase the proportion of "insoluble" boron as revealed by analysis (tables 
2 and 3). Table 2 also gives the efficiencies of the various boron -agente. 
when added to steel. For convenience they may: be listed as follows: 


: —— oer ., Range of Average es 
Addition agent No. of heats... efficiencies ‘efficiency. 
Ferroboron eeocesoreccs — ° 29 _ ot L9,3-130.0 190) 
Titanium boride .eecese 13 +... 167-945 56.0 
SL IORZ:. <q 6diesierasies wee v8 7 72.0-120.0 98.9 
Manganese boron alloy . i er 666208757 78,0 
Chromium-bDoron eesecseee . ‘6 neh Gah 48,4-100.5 : | ° 72.5 
Borosil sontira Gcarave Balenaaune i, . i. Pe Cis 8h, T- 1359. 0 63.7 
Bortam CCLRC LEE EO LEeS oe i .21.5-2567 | 38.5 
Boron carbide .cesevee- by 80.7-119.0° ° 98.0 
SLlVAZ weccccccccvvoens h .73.0-106.0 * 88.0 
Carbortam Pee are ee err er o ). te eee ,36.2-88.5 61.1 
Nickel-boron alloy .... oR Ete ves 7627-9825 | - 88.6 
C Coeeeoseeeeoeoevesseeoee . 2 ' /49,0-50.0 us . 9.5 
F eeoooeeresceesnereseesese © oe “ 58.1 
G eoeseeeenvneeeebonsee een @ 1 32.0 


In the above table the very wide variations in boron recovery should 
be noted, The acouracy of the analytical method used to determine boron 
at the particular level of boron content employed undoubtedly influences 
the boron recovery valve. Figure 6 shows. the effect .of .the carbon content 
of the steel on the percent of soltible -boron.... Similar curves (figs. 7 and 
8) are obtained if the manganese or silicon: content of the Beees is plotted 
instead of the carbon content.~§ Spe 
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FIGURE 6.- Effect of carbon on percent of solable boron. 
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FIGURE 7.- Erfect of manganese on percent of soluble boron. 
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TABLE 2?.- Experimental data 
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TABLE 2.- a 


rimental data (Cont'd) 
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69.. 58 FeB .0170] 1 7B 
70.01 «96 FeB .0200] 12, 71.5 
Tlast «oo Fes 0020} 13 63.5 
Ta: 6) s5e FeB 0015} 11 104.0 
T3.-.| «Ob FeB 0080} 13 77.2 
Ths. oO T1iB -0030] 15 16.7 
5 de PR (A FeB .0030} 12 117.5 22, 
16501 37 Bortam -0030 4 26.0 78. 
Teel ooo Carbortam .0030] 1 56.1 41, 
Tosa t 962 FeB OOO} 15 87.3 20. 
79...) 61 FeB 0060] 15 8h 5 16. 
80..| .60 Silvaz .0030] 15 95.2 - 
2 3 CrB 0030 ‘ 80.0 37. 
82..| .62 MnB 0030 72.3 36, 
83..] 62 BC -0030 91.1 46, 
84...) .62 FeB .0100 82.8 hh, 
oe ae FeB .0140 61.8 39. 
86..| .&9 FeB .0080 72.6 39. 
Slawl ate FeB .0050 7725 20. 
88..] .65 FeB 0008 62.5 ho, 
89..| .52 Borosil .0050 96.0 31. 
90..| .58 Silcaz .0020 110.0 - 
91.1 <60 Silcaz .0030 115.0 - 
92..| 61 NanBy,07 4 gr. - 33.3 
955.1. 66a B03 3 gr. . 33.3 
9h..| 259 NapBi,07 3 er. 18.8 
95.4} 50 NiB 0.0050 90.6 38.6 
96..] .41 BC .0050 119 1.1 
OF i.0't wer FeB .0080 96.1 Oh.1 
98..| 64 MnB .0050 ; 80.7 16.7 
99..| .26 Cc 0050] 12.5 50.0 50.0 
100 661.059 F .0050} 15.0 58.1 h14 
ke) ee | G .0050] 15.0 32.0 37.5 
102..| .64 FeB 0300] 13.5 72.1 37.5 
103..| 61 NiB .0050| 12.7 98.5 27.5 
104..] .61 T1iB -OOhO| 15.5 49.2 15.8 
105..| .63 CrB 0050] 15.5 64.0 12.9 
106..]| .60 TiB 0080] 15.5 kh 0 8.8 
107.6] 265 NaoB,07 2 er. - "| 13.2 
106..:1 «32 TiB 0.0020 38.4 57.2 
109..| .72 Bo03 4 gr. - 29.8 
110..} .58 Bo0z 2 er. - 19.5 
111..] .61 Bortam 0.0030 . 55.7 1.8 
112../ .59 Bortam .0050 21.3 20.0 
5 Pe ee Borosil 0030 39.0 33.3 
114..] .62 Cc .0050 49,0 26.1 
115../ .461 Carbortam .0030 88.5 23.1 
116..{/ Sd] Borosil .0050 85.0 1 
al ee Oe Silcaz .0050 72.0 
138561) 67% Silvaz 0050 73.0 
139... 2 Silcaz 0030 120.0 
| ore pee of boron addition is equal to 5/ Envelope containing the boron 
Percent total boron as found by chemical 18,100 plunged into molten steel 


Percent added ert nt 
Actual weight 
because the boron addition was ed ypon an 


FeB 


weight of 15 pounds, which was seldam obtained. 


2/ Percent soluble boron , 49. 
Percent totel boron 


3/ Jy is the distance, in sixteenths, along side of 


Jominy bar from the end-quenched "face to the posi- 


tion of 50 percent martensite. 

4/ Multiplying factor due to boron as fount by 
calculation. 

5/ Heat numbers 6, 7, and 15 were lost. 


1070 


Digitized by Coc gle 


0.01600 
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ae 


iron wire. 


ble 


pay poy analysis agent Peon sean 
se Boron a a efeetent, B. ag 
=o Li gepe eh Ste ee ignation added east TS: Be 
+ /0 et 51 
.h. 
65]. ¢ ‘ 


bath 


PUPP YP PVP Pp iH 
NDNFOAANAAYI AO 
re 


NN MNMNYONMD 
DUD NOW HA FHA Roy 


PY MNNNNNNN 


g 
: 
% 


an iron roll thet hei! been @ ee 
pose, The end of the rod was then closed by an 
iron plug. When this end was plunged into the 
steel bath and stirred, it dissolved and thus 
introduced the boron into the melt. 


test. 


8/ Carbon too low for standard Jominy hardenability 


method instead of the colorimetric method. 
10/ Ingot was hot-short; Jominy bar could not be 


forged. 
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TABLE 3. - Supplement to table 2 


| i MF, | IM, F. | A ft, 4 
Heat | Percent | due to | Percent | due to | due to | General 
| 4) | total V 4 "residuals"! M, F. for cal, 
as aneeas es. 
OR ceeenees | O74 | 1.42 | 0,080 | 1.14 | 1.07 1.73 
S] seneceds,| a0Tt + 2.82. | “<052 1.16 | 1.07 1.76 
Te os ot SOR... is cee - | - | 1.07 1,63 
og trea | ,035 | 1.19 : ; 1.07 1.27 
2 Rg Og A oho | sOk, 86} 1,25 O61 | 1.105 om ¢ eltss 1.48 
ee ee ee RL pte rd Dae pa | ‘ 1.17 
OL eateaees'l ieeot iP ace + : 1.28 
yt eee | 029 11,356 | a se 1.2 
TY ergy | 1.32 | .087 | ‘2.15 1,62 
aE Pt at A | 1.30 | | 


These investigations showed further that the insoluble boron increased 
more rapidly with the total boron than the soluble boron, indicating that 
beyond a minimum amount of soluble boron there is an increasing tendency of 
the boron to react with the constituents of the steel. The soluble boron 
increases but little beyond the point of maximum hardenability at 0.0025 
percent total boron. The results for the relationship betweon total boron 
and soluble and insoluble boron for steels within the composition range: 


C, percent Mn, percent Si, perecnt 
0.47/0.57 5 BB 6.67 0.19/0.31 


are given in figure 9. 


‘ 


Figure 10 shows that a similar result is obtained for the stecls of 
the group which fall within the range: 


C, poe Mn, percent _ Si, percent 

0.5 OQ. s . 0.52 0. 5 0,20 0.55 
Corbett and Williams believed that both soluble and insolublo boron 
affect the hardenability, Attributing the hardenability to the "soluble" 


boron qualitatively explains the maximum in the relationship of mltiplying 
factor to total boron content. 


Comstock(124) has reported that the hardenability for “solvble" titanium 
is very high, approaching that of boron, but that in most stccls the decrease 
in hardenability due to carbide-forming action is mich moro important. The 
secondary effects of boron may similarly blanket the established offect of 
"soluble" boron on hardenability. - 


Grange and Garvey (126) compared the hardenability of four series of 
plain carbon steels containing 0.40, 0.52, 0.63, and 0.75 porcent of carbon, 
respectively, each scries prepared by adding graded amounts of boron to 
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adjacent ingots. It is shown that tho increase in hardonability that results 
from addition of the optimm amount of boron decreases with incroasing carton 
content; the implication is that boron will not increase tho hardenability of 
hypereutcctoid stecl. Other factors, such as time at high temorature and 
austenitic grain size, were shown by Grange and Garvoy to influcnce the 
hardenability of boron-troated steels in a way quite difforcnt from their 
influcnce upon boron-free stvcel of comparablc composition, A summary of 
their work follows: 


1. In all these stcols hardcnability is increased by boron, although 
it is also raisod somewhat by the addition of Grainal without boron. The 
increasc duo to boron is greator the lower tho carbon, at loast to 0.4 per- 

cent; and it appcars to approach zpra. in hyporoutectoid carbon stccls, 


2. Tho increase in hardenability produced by boron is groatcst when 
the austcnitizing tompcraturo.is 1550° to 16009 F, (845° to 870° C:), as 
ordinarily uscd in. practico; it bocomes gradually loss for hishor'’ atston- 
itizing eee and may approach zcro whon the lattor is’ about 2; 000° 
F, (1095° C.). 


5. Ina given stocl, tho incrcaso in herdcnability rovghly parallels, 
but does not corrolate well with, tho porccntage of boron as dotcritincd by 
chemical analysis of the stecl. It appoars, howcvor, that, as othors’ have 
rcported, as little as 0.001 porccnt boron may suffice to develop the maxi- 
mum increase producible by boron. The chemical analysts for boron, whethu 
"soluble" or "insoluble," do not’ éorrelate well with the quartity of boron 
nominally added to the liquid. steel in the mold - a result that was to be 
SePecuets : . 


4, Ina given steel the increased hardenability correlates fairly well 
with ‘the quantity of a “boron constituent" microscopically visible as a row 
of fine dots at the austenite grain: boundaries when the steel is carefully 
heat-treated in a special way; despite many cfforts to reveal it, this pre- 
clpitate was not observed if the boron content by analysis was eee than 
0.0004 percent. When the boron by analysis is about 0.001 percent or higher, 
dots may appear as a band resembling a eutectic or eutectoid agurecgate; wher. 
more than about 0.0035 percent boron is present, this constituent may appear 
after austenitizing at temperatures ordinarily used in practice and so my 
occasionally be evident in aa heat-treated boron stecl,. 


5. When a boron-treated steel, is heated at a very high temperature 
for a very long time, the increase of hardenability due to boron gradually 
diminishes and finally disappears; nor is it restored by any subsequent heat 
treatment of such a "homogenized" steel, Moreover, under this treatment the 
characteristic "boron constituent" likewise gradually disappears, although 
boron content &@s measured by analysis remains unchanged. It is possible 
therefore that some part. (or all) of the efficacy of boron in enhancing 
hardenability may be lost when the steel is heated for rolling or ror zing, 


6. Addition of boron as Grainal to the O.40- and O62 ncecent carbon 
Scries lowered the tomporature at'which austenite grains coarsoned in a 
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FIGURE 11.- Jominy test from center of billet of commercial 
T-13530 steel. 
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given time. With increasing boron content the grain-growth behavior became 
more and more like that of steol which is not aluminum-killed, but this grain 
coarsening is only a minor factor in relation to the extra hardonebility 
developed in the presence of a minute percentage of boron. 


7. Certain modes of heat treatment develop in boron steels recognizable 
differences in microstructure Os compared to comparable boron-free steel 
similarly treated. In the martensite-pearlite zone of end-quenched bars used 
for measuring hardenability, the austenite grains were outlined by pearlite 
in absence of boron, but not in boron steels, After caustenitization cbout 
1500° to 1600° F, (815° to 870° C.), as-usuclly recommendec., the presence of 
boron may increase greatly the number of undissolved perticles, 


Chandler and Bredig(132), in a discussion of the cbove paper, point out 
thet in the case of commercial Grainal-treated steels handled in the usual 
manner with respect to soaking and forging temperatures, they have seen no 
excmples in which the disappearance of the effect of the boron took place 
when the steel was heated. No significant change in hardenability was cappar- 
ent. in a Greinal 79-treated T-1530 steel, both before and after holding at 
2340° F, for 24 hours, os show in figure 1l.. The hardenability loss follow- 
ing high-tempercture trectments was noted only in steels treated with 
ferroboron, 


METHODS OF ADDING BORON TO STEZL AND RESULTS OF USING SPLICIAL 
ADDITION AGENTS CONTAINING BORON 


The art of adding boron to iron ane steel has reached = hizh state of 
development, 


Boron Addition Agents Used 

Toble 1 lists the composition of the boron-bearing addition cgents used 
commercially. The alloys Silvaoz, Silcaz, Lortem, Carbortam, Greincl, Grainal 
No. 1, and Greinal No. 6 (see table 1) are often referred to as "speciol de- 
oxidizers" or “special addition agents,” aos thoy consist of vcorious combina- 
tions of such elements cs aluminum, boron, calcium, mangenese, silicon, 
titanium, zirconium, cnd vencdium, The other boron alloys cre »rincipolly 
bincry combinctions of boron with some other eloments, 

The boron-bearing addition cgents my be divided into three Groups: 

1. Borex or other boron compounds. 


2. Ferroboron, cluminum-boron, monganese-boron, or othor 
metallic combinations. 


3. The specicl addition egents or hardencbility intensificrs. 


It is not 2 generally recommended practice to use tho first group, os 
results cannot be readily controlled. 
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Concerning the second group, the Molybdenum Corp. of America reports 
that its type of ferroboron has a melting point which allows it to go into 
solution rapidly at liquid-steel temperatures. It is so mace with a boron 
content that approximately 1/2 pound of the alloy per ton is added to ob- 
tain 0.003 maximum boron content. It is necessary to precec.e the addition 
of the ferroboron with all the deoxidizers and, in order to commensate for 
the grain-size coarsening effect of boron, they request that an additional 
1/4 pound of ori pen: ton-be added to take care of this feature. 


The iietixs siopulueeical, Co. reports that thus far, niekeieberon has not 
been used commercially for the addition of. boron to steel. 


Concerning the third group, there is evidence for believing that the 
cumulative effect of all of the elements in such combination is desirable. 
Boron tends to coarsen grain size, and normally this tendency should be 
curved by association with grain-ref ining elements. The recent American 
Iron and Steel Institute report on Special Alloy Addition Agents(S9) recon- 
mends that, in general, such agents should be addéd to the ladle; occasionally 
they may be put into the mold, A general summary of the report follows: 


1. The use of special alloy addition agents will increase, 
with varying effect, the hardenability of all grades of steel stud- 
ied, the degree depending on the base composition. 


2. The most beneficial effect of the use of these avents 
on mechanical properties, especially ductility, is in steeis heat- 
treated to high hardness levels, 

53. To obtain the maximum results for any vroperty, the steels 
to which these agents have been added must bo quenched and tempered. 


L, The base composition ‘and section, as well as ultimate 
hardness, strength, or depth of hardening, are the major Sactors 
to be considered in determining those instances in which these | 
agents can be used to maximum advantage. 


5. The use of these agents will permit reduction in the 
quantity of strategic alloying elements previously used to give 
the desired tensile and impact properties in similar soctions, 
thereby effecting savings in the elloy consumption for a given 
alloy-stccl tonnage, 


The Grainal Alloys 


The Vanadium Corp. of Amorica has made extensive roports on the results 
obtained by the use of these addition agents. The following is cbstracted 
from these reports: 


The effects produced by very small additions of the Grainal alloye, 
usually in the range of 2 to 6 pounds fer ton of steel, are striling in 
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‘|. that the changes tn thé proportics- of the steel are of &. vory high ae: of 
mgnitude in respect to hardenability, ductility, toughness, ana other re- 
quired qualitics. Finoe-greincd steels se ne made pads aac through 
the addition of ae alloys.. 7 e 

These alloys contribute to quenched and Seipeons steels (esnecially at 
high hardness), tensile ductility (elongation and more particularly re- 
duction of area), and also impact. strength far above the values obtainable 
in ordinary steels to which they have aoe been added. 


The Grainal alloys also séntelbute sipaaeient canoveneis to seeel, 
parts that ars’ subject to surface-hardening treatments such as carburizing, 
eyonteine, nitriding, quenching of heated pune aCe? eve the like. 


The singular effects’ of the Grainal alloys Have! been applied ‘in carbon 
steels and low-alloy steels for constructional purposes;. improvement He also 
imparted to higher -alloy steels end to higher-carbon puenrae 


The addition of Grainal ta low- and. high-monganese, pr 5 percent nickel . 
steels increases the hardencbility as determined by Generel Motors ‘tests 4 
and 2 fold, respectively, and increases ‘the depth of hardening to Rc 50 
of 0. hO-percent carbon and 0.59-percent..carbon-silicon-mlybdenvm steels 
2.4 and 2.2 fold, respectively. 


eee pow omngones: steels ie or ee te 
Cc | Mn | Si Ni . Treatment Rc50,.in. RclO, in. 
0.32 0.38 0.060°3.60  - SOD 5/16 
234° 637 = 620 Sas — i 


7 0.38 0.80 0.4163. oT 236 2 we 
eS es ee: “groinal 5/8 2 


Effect of Vendasion Greinal No. 1 Treatment of Steel Mnde to 
specifications S.i,E, 1040 


The test bars in the following series were heat-treated as follows: 


@ 


Somples for 4500 F, draw: ‘ °° Samples for 900° F, draw: 
1,650" F. normalize. 1, 0° F, normalize (1-inch round), 


Preliminary machine to 0.55 inch, Quench from indicated temperature. 
-- Quench from indicated temperature. 900° F, teliper. 
450° F. temper. - Lachine. 
Chemical -enalysis OO ‘ ae | , - 
: rae . A.S.T.Me- f 
x as EG Mn Si . 3 P Vv cin. size... 
Basic OvH., S.A.E, 1040 8 =' 0.40 0.75 0.22 0,028 0,011. None - few & 
Basic 0.H., S.A.E. 1040 40 675 .21 .028 .013 ,O4G 5-6, few 4 


hk 1b. Vanadium Grainal No. 1 per ton, 
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Oil quench 
Temper, Quench, Yield Tensile a ane 
° ~F. Type oint strength Hore R.A, BH.N. Izod valued 
150. 1,525 S.A.E. 1Ok0 -150 121,750 20.5 58.0 209 05.5 
S.A.E. 10T40- | 
Grainal 231,250 266,000 12.0 46,9 510 20.5 109 
900 1,550 S.A.E. 1040 75,300 107,400 22.0 59.8 217 175.5 93 
S.A.E. 10T40- Me os 
Grainal 144,850 155,600 16.0 60.3 325 60.8 10% 
ater quench 
Temper; Quench; Yield Tensile. oy 
OF. OF, Type oint strength Elong. B.A. B.H.N. Izod value_ 
450 1500 S.A.E,. 1040 18, 350 2 215,800 5.0 al h77 12.0 ff 
S.A.E. 10T40- 
Grainal 219,250 262,200 1035 50.9 495 - 113 
900 1525 S.A.E. 1040 87,400 116,000: 21.0 61.6 237 83.0 97 
‘S.A.E. 10T40- 


Grainal 140 7750 150, 350 16, om 60.3 315 6.0 §=102 


1/ The "P™ value is calculated from the forma: Pe TS + 6000 PA and. serves 
as & toughness - etrength factor, : | 5000 


Similar results are obtained for steel made to specifications 1045, 105°, 
and 1055. | 


oo 


Effect of Grainal Treatment of Steel Made to Specifications N. E. 942 


Hardenability Tests. - The marked effect of the Greinel addition in in- 
creasing the capacity for hardening of this base steel composition is quite 
apparent from the Jominy curves. While both stecls actually come up to a 
Rockwell "C" hardness of 50 on the end of Jominy specimen, this value was not 
attained along the side; therefore,’ for these low carbon steels, camparison is 
drawn customarily on the basis of a Rockwell "C" hardness of 40, which was cob- 
tained 0.15 inch from the quenched end of the specimen for the untreated 
stccel, while 0.63 inch ‘isthe corresponding position in the Grainal-treated 
stool. 


Tensile and Izod Tests. - The effect of the Grainal treatmont on the 
tensile and Izod impact properties of the two steels is shown for various 
heat treatments by the following data. At 0.25 percent carbon, the chen- 
istry of the steels is on the Pate side for'some carburizing applications. 


It should be observed in the case of steel of this particular compositi= 
that a contribution by Grainal to hardenability is such that there is obtcin« 
in ae comparison of oil-quenched small bars a simultancous increase in those 
properties representing useful strength and those representing ductility end 
toughness. In the case of water quenching, the strength properties clter lix:.. 
at the low tempering temperetures, but ductility and toughness are simultenc- 
ously increased when this quenching medium is used. With tnoreased tempering 
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with carbortam 
(or bortam) 
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IZOD IMPACT, FT.-LB. 


450 600 750 900 1,050 


TEMPERING TEMPERATURE, °F. 


FIGURE 1°.- Variation of some properties of quenched 


manganese and Carbortam-treated 0.37- to 
0.40-percent carbon steels, respectively, 
with different tempering temperatures. 
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temperature, the rate of. fall ‘of haxdness is less than in: ‘the inereaten | 
steel, thus affording over a very wide range of heat: treatment a substantial 
improvement in all PROD SENSES pavenves in, considerations or utility. 


Tabulated below are the sirace henancasee (Brinell 3,000 tx. ) on 1-inch 
rounds, either oil- or Oe cl aa from various Comp Ereue eG: 


“Water 


N.E, 9 ee i, E. SUT, Grainal 


oe) 


For the as- equenenee a. the Grainal- ‘treated stoel. shows definitely more 
effective hardening in ‘oil than. tho base atéel, thus confirmin;. the other 
physical test rcsults. Water quenching brings both steels:into the same hard- 
ness classification, but referonce to the other physical. ‘property values — 
still shows the Grainal steel to have superior quali tics alter treatment in 
both quenching mediums. | rae | 
Similar results are ébtatnea with stéei made to Soeeinieaia es N.E. 9440, 
Those rosults aro SYGeaeuEe in trade PUN eeenene of the Vanadium Corp. of 
America, | ee ook othe 
Tho in cian si Watciinids 
The molting point of Bortam ig. approximately 2,350° I, 
The molting point of Carbortam tg. approximately 2,650° F, 


The results of Comstock! (99). work with those alloys may do conveniently 
suumarized by tho curves of ee 12, 


It is oeiasnk enon shone results that if pearlitic manganese 
stocl of about 140,000 to. 260,000 lbs. per sq. in. tonsile strength 
_ din the quenched and tempered éondition is required, the stcol will 
_ have bettor ductility. and resistance to impact if the strongth is 
- obtained by treatment of .a stoel containing about 1.15 to 1.25 
por cont manganose with Bortam or Carbortan, than if a stool with 
about 1.8 por cont manganoso is uscd, without any boron addition. 
Both kinds of steol have practically the same hardonability, and 
the boron alloy trcatment, if Carbortam is used, is evon more 
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economical than the extra manganese required for hardenability 
and strength without it. The rapidly increasing popularity of 
these titanium-boron alloys is thus logically accounted for by 
the advantages illustrated by the test results here reported. 


Comstock(116) studied the effect of boron in N. E. G4hO and S. A. E. 
steel. The following is a summary of his results: 


Summarizing the results that have been: ere a it appeers 
that satisfactory hardenability is secured in NE 9440 steel with- 
out either chromium, or nickel and molybdenum (except for residuals 
obtained from scrap) if Carbortam treatment is used. In the SAE 
4640 steel, the Carbortam treatment gives even better hardenability 
than 1.2 percent nickel or 0.25 percent molybdenum, but when molyb- 
denum is saved in this way it should be remembered that the hard- 
ness at slower cooling rates is lower, and lower tempering er 
atures are requirea for equal Biren: 


The tensile tests of oil quenched and ranenad! specimens 
showed but little difference between the regular NEQKLO steel, 
and the steels with Carbortam treatment substituted for the 
chromium, or for the nickel and molybdenum, These Carbortan- 
treated steels had a slight advantage in impact resistance, 
though not in hardness as oil-quonched and ‘tempered. In -tho SAE 
4640 steel there was no appreciable differénce in tonsile or im- 
pact properties of the quenched and tempered specimens whon the 
Carbortam treatment was used in place of about 1.2 porcent nickcl. 
When Carbortam was used instead of about 0.25 percent molybdenun, 
however, the strength was lower and the ductility and impact valucs 
higher, at the same tempering tomperatures. These difforcncos aro 
easily corrected as has beon notod, by using a slightly lowcr 


tempering tcmporature for the Cexrbortam treated nonmolybdonun 


stecl, 


In machinability no ‘isis enue. AePovenses betwoon the sin- 
ilarly hoat-treated steels, other than those to be expected from 
slight variations in hardness, wore brought out by the tcsts. 


The results of this investigation thus indicate that practi- 
cally equal tensile properties, and at least as good, or in some 
instances even better, notched-bar impact resistance, are obtained 
in the quenched and tempered condition when treatment with Carbor- 
tam is substituted for chromium, molybdenum or nickel in NE 9440 
or SAE 4640 steel, The hardenability and machineability of the 
steels ore also not inpaired by this substitution. The omission 
of molybdenum, however, may necessitate the use of slightly lower 
tempering temperatures for equal properties. 


It is important that the correct amounts of other alloys are 
omitted when Carbortam is used, for it will not replace svccess- 
fully wlimited emounts of other hardening agents, and if toc mich 
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of the other hardening agents is present with the boron, oxces- 
sive hardenabllity will result. This work indicates that enough 
Carbortam added to give 0.003 to 0.004 percent boron in these 
lnboratory melts successfully replaces about 0.6 percent chromium, . 
1.2 percent nickel, or 0,25 percent molybdenum. ' This. equivalent _ 
amount of chromium is higher than has previously been suggested, 
but those for nickel and molybdenum aro in agreement with previous 
recommendations. ce | 


eo wet , 


Borosil 


Tho Ohio Ferro Alloys Corp. reports that Borosil has provod <n oxcel- 
lont form of addition agont, giving uniform distribution of boron and 
uniform recovery from heat to hcat. The boron content is reported to 
affect hardcnability to a groater oxtont thon any alloying oloment exsept 
carbon. The company also recommonds the uso of Borosil as & dooxidizer, 
with a wide application in tho formation and distribution of inclusions 
to produce more uniform stools. This alloy has & rolativoly low molting 
point, and this, togothor with the low boron content, aids in o wif orm 
recovery of the boron in the Tinished product. : ae Le 


Charts are wien: in tho Amcrican Iron and Steel Instituto easeet oo} 
comparing tho hardnoss of trcatod and untreated stools, and: the aevacene® 
in tavor of the addition-agent troatmont is conclusivo. 


DETERMINATION OF BORON IN IRON AND STEEL 
Goncral Considorations 


In any method for the dotormination of boron, it should bo remembered 
that solutions. containing free boric acid should nevor be boiled in opon 
vessels, for the acid is very volatile with steam. The loss of boron as. 
the trifluoride or the introduction of boron into the solution by tho 
attack of borosilicate glassware (pyrox) by elknlics should bo guardod » 
against in analyses of the highost accuracy. Boron-froe glassworo suit- 
able for use in analytical work involving. boron can Re obtainod from tho 
Corning Glass Works, Corning, N. Y. 7 


. To get rid of Sorons. ‘tho? acia solution is usuolly evaporatod to ame 
ness, the rodsiduo troated with 25 mil, of absolute methyl alcohol or mothyl 
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alcohol saturated with hydrochloric acid gas, and the solution again care- 
fully evaporated to dryness after covering with a watch glass, Four or 
five treatments are usually required. Boron can also be volatilized and 
completely removed from solutions in’ ‘which it 1s not wanted by evaporating 
to dryness with hydrofluoric acid, or to fumes with a mixture of sulfuric 
and hydrofluoric acids, 


Early Methods Reported ‘in the literature 


Chapin's method(1) depends upon the solution of 1 gram of steel in 
dilute hydrochloric acid under a reflux condenser, oxidizing with hydrogen 
peroxide, and volatilizing the boron with methyl alcohol by several dis- 
tillations. After the alcohol in the distillate is evaporated, the solu- 
tion is titrated with standard selena oo This method is subject 
to an error of 0.03 percent. ma ~ aN 

Lindgren's method(7) calls’ ‘for: s avendivins 3 grams .of steel in equal 
portions of nitric and hydrochloric acid (20 ml. in all) and neutralizing 
with calcium carbonate (usually about 30 grams of CaCOz). After all car- 
bon dioxide is boiled off, the precipitate is filtered, and the boron in 
the filtrate is titrated with standard: sodium hydroxide. | 


Chapin's method is Lorig and tedioiis > and the accurate astermination 
of & very small amount of boron when using a l-gram sample ia improbable, 
as the method is subject to a 0 .03-percent error. Lindgren's method is 
' open to the objection that a emali amount of. boron. in the large’ mss of 

precipitate made by 3 grams of iron and’%0 grams of. Cacos presents a 
difficult analytical problem, oe — 

The final estimation of boron by conta err peeaties: as 
suggested in these methods, does not: yi6id: consistent results, as the 
blank is occasionelly equivalent to 10 times the boron content. The 
blank is due to carbon dioxide, which may” re. de ocgera in the ueres ant 
especially in the sodium a Hyarexade: aa 


| Methods Avadiable, 


. Four methods (A,B,C, and D) determining on in iron and seek are 
described by Lundell, Hoffman, and Bright(10), Method A depends upon the 
volatility of methyl borate, B(OCH 3)4, which boric acid forms with methyl 
@lcohol. The method consists in Ve eae the ester, B(OCH3)3, sapont- 
fying it in alkaline solution to obtain Nazpoz » expelling the alcohol, 
titrating so that boric acid, HzB0z, is the only acid present, and then 
resuming the titration under pre oee  Peoe that give the compound tadoBoz. 
The reaction can be illustrated by the equation. 


H3B03+Na0QH —-———> NaHoBOs + Ho0. 


A. Distillation of Methyl Borate and Titration 


Special solutions required, Paranitrophenol. - Dissolve 1 gram of 
the reagent in 75 ml. of neutral a @lcohol, and dilute to 100 ml. 
with Hoo, 
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FIGURE 13.- Distilling apparatus for boron. 


Dimensions in mm. 


a 
—F 
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FIGURE 14.- Mercury cathode cell. FIGURE 15.- Partheil distillation ap- 
paratus used for determin- 
ing boron. 


Google 


I.C. 7363 


Phenolphthalein. - Dissolve 1 gram of the reagent in 100 m1. of neutral 
ethyl alcohol, and dilute to 200 ml, with H50. 


Hydrochloric acid 0.1 N. - This need only be apesoniaate and should be 
prepared so that a is free pa CO... 


Sodium hyantadtde: 0.5 N and 0.1 N.. - These soutien should be free 
from C02. The former is used in preliminary titrations, and the exact 
strength need not be known... The 0.1 N solution .is standardized as follows: 
Fuse pure boric acid in a platinum dish. While still warm, crush the melt, 
and place the pieces quickly in a weighing tube. Dissolve 1.741 grams in 
250 ml. of warm, recently boiled H50, cool, and. dilute the solution to 500 
mi. This solution can be regarded as exactly. O.1 N (1 ml. represents 
0.00108 gram of boron), Standardize the 0.1 N solution of NaOH ogainst 
suitable portions of this solution by titrating as described in the method, 
preferably ofter the solution has been carried in company with 1 gram of 
boron-free iron ‘through ame steps of the metho’ that is to be used. 


Methyl aOleohol. « A en grade of. nethyl alcohol should be distilled 
over lime after it has been heated for some hours in contact with the 
lime under 4 reflux condenser. The more nearly anhydrous tho Qlcohol the 
better; and volatile organic acids mast, S course, be absent. 


Calcium chloride. - ae should ‘de Senter anhydrous, » and free 
from boron. 


Mennite. - The bedi eae eae: | 
Special apparatus required. - See figure 13. 


Procedure. - Prepare 10 to 25 ml. of solution containing no more than 
O.5 ml. of HCl in excess and no volatile organic acid.2/ Transfer to flask 
B (fig. 13); and, through a peper funnel to keep the neck of the flask 
Clean, add 1 gram of pure anhydrous:CaCl, for each milliliter of solution. 
Twirl the flask a little to allow the chloride to take up the water. Con- 
nect the flask with the rest of the apparatus, and raise the casserole 
beneath it until the flask rests in the water, but does not touch the 
bottom, Begin the distillation of alcohol from A, taking care that the 
open end of the capillary “boiling tube” is free from @lcohol and that 
the U-tube attached to the receiver is trapped with water. Do not heat 
decomposition flask B until about 25 mi. of alcohol has condensed in it. 
After that, heat the water bath by a small flame, and thus keep it hot 
enough to prevent further condensation of alcohol in the flask. At no 
time should distillation be so rapid as to permit escape of methyl borate 
from the system. When 100 ml. of ‘distillate has collected in receiver D, 
exchange the flask for a new one, and keep on gathering distillate. Add 
the contents of the trap tube to the first receiver, and run a preliminary 
titration os follows: Addl drop of ‘Paranitrophenol solution (no more), and 


5/ In the case of irons or steels: it would seem that L gram of sample 
might be dissolved in.15 ml. of dilute HC1(1:2) undor a reflux con- 
denser, oxidized by boiling for a few minutes with 1 ml. of H 902 
(30 percent), cooled, and thon transferred to flask B with a minim 
of Ho0 and without votting its neck or sidcs. 
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then run in the standard 0.1 N NaOH yntil the indicator shows that the free 
mineral acid is neutralized. “ Next, add 1 ml. of the phenolphthalein solu- 
_ tion, and continue the titration wtil the color of the indicator begins to 
appear, The end point will not bo sharp, but the amount of alkali used 
between the two end points indicates approximately the amount of boric acid 
in. the distillate. After the titration is completed, add twico as much — 
alkali as was usod between the two end points. Transfer thu. distillate to 
tho second distilling apparatus, and boil off the alcohol.. 


In the meantime, the second 100 ml. of distillate will have collected. 
This should contain the remainder of.the boron if the alcohol was anhydrous 
and enough calcium chloride was used. .Stop the distillation, and remove 
the receiver. Treat the second distillate exactly like the first, and add 
it to the first, As’& rule, no more than 1 ml. of 0.1 N NaH will be 
required, ) 7 | 


When the liquid from which the alcohol is being distilled no longer 
boils in the steam bath, remove it toa casserole, and rinse the flask once 
or twice with water. Heat the casserole over & free flame, rotating while 
doing so, until the little remaining alcohol has been boiled out. The 
volume of solution should now be small - usually less than 25 ml. Adjust 
to 25 mls, return the solution to the flask, ard add dilute HCl (1:1) drop 
by drop with constant stirring, until the color of both indicators is dis- 
charged, taking care not to add a drop too mch. Now put in the “boiling 
tube," heat the flask on the steam bath for a minute or two, then attach 
to the filter pump, and distill under reduced pressure until the liquid is 
nearly cold and only an occasional bubble &ppeais. - Break the vacuum, cool 
if.necessary undor the tap, and proceed with the final titration as follows: 


‘First neutralize the oxcess of hydrochloric acid by carofully running 
in 0.5 N NadH until the yellow of paranitrophenol just appoars. Bring back 
to acid reaction with the 0.1 N HCl and then to the appearanco of a faint 
yellow with 0.1 N NaOH. This end point mst be reached exactly, for all 
HCl mst bo neutralized. and all of the H=B Oz mst be left. Ono drop of 
O.1 N HCl should dischargo. the aes and 1 ’1 deep of 0.1 N NadH should bring 
it back, 


Now add 1 gram of Pmeiis/ mene NN NaGH burotte, and continuc 
titrating to tho end point for phonolphthalein. Add anothor gram of man- 
nito. If this causos the color to disappoar, resume the titration with 
alkali, and so continue until the color remains aftor tho mannitc has becn 
addod. 

Correct the volume of O.1 N NaOH required by the volume required in 
& blank run, preferably carried through all steps of the method, and 
multiply by the boron titer of the Soren 


The changes of seiae that take place during the titration need manticn: 
When the mannite is added to the solutidn, _ the ore color ‘due to the 


~Giycerin can be aged instead. 
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paranitrophenol disappears at once if boric acid is present. This is due to 
the fact that mannite (as well as glycerin) forms a complex with. the compound 
NeHoBOZ, involving the elimination of 2 molecules of water, As titration 
proceeds, the color reappears and grows stronger, becoming less intense just 
before the phenolphthalein end point appears, The latter will be noticed as 
a faint brownish tinge, and then another drop of the 0.1 N alkali changes it 
to an intense brownish red, which is the real end point. 


Method B for the determination of boron in iron depends on ‘the sepa- 
ration of boron with calcium carbonate. 


B. Precipitation with Calcium Carbonate and Titration 


Procedure. - Transfer 2 to 3 grams of iron to a round-bottomed 800-ml. 
Jena flask, and treat with e mixture consisting of 10 ml. each of HNOz, HCl, 
and Ho0. When reaction is complete, cool to room temperature, agitate 
vigorously, and add at one stroke double the amount of dry, finely powdered 
CaCOz needed for complete neutralization, Add 250 to 300 ml. of COo-free 
water, and boil the solution under a reflux condenser for at least 50 min- 
utes to break down bicarbonates and to expel CO0e. Add about 50 ml. in 
bulk of well-washed asbestas fiber suspended in hot water, and boil for 3 
to 5 minutes. Filter at once by suction through o Buchner funnel about 15 
cm, in diameter and having | double thickness of filter paper carefully | 
_fitted over the bottom. A splash-trap should be connected to the receiving 
flask, Wash the precipitate & to 10 times with boiling hot Ho0, remove the 
funnel, and insert a rubber stopper. Renew the suction to cause further 
boiling and expulsion of COs, 


Cool, and add a few drops of phenolphthalein and then a 0.1 N solu- 

_ tion of NaOH (free from carbonate), until a pink color appoars, Addl 
gram of mannite, and continue the titration until a permanent oink color 

_is obtained, Add another gram cf mannite, and again titrate if the color 
disappears.: Subtract the volume of 0.1 N solution required in & run in 

which boron-free iron is carried through all steps of the process, and ml- 

tiply the correctcd volume by the boron titer of the solution. 


For standardization of the 0.1 N NaOH see the preceding mothod (A). 


Mcthod (©) depends on the separation of boron by electrolysis over 
a mercury cathode. The stecl is dissolved in dilute H5S0) under 4 con- 
denser and oxidized with Ho0o, all the Cr, Ni,Cu, Fe, and the like are 
removed by .clectrolysis with & mercury cathode, and the boron is detcrmined 


7 Other indicators can be substituted provided the color chango occurs 


at approximately the samc pH as docs that of the indicator which is 
replaced and is not seriously affectod by methyl alcohol. Thus some 
prefcr methyl orange to paranitrophenol, and some prefer p-a-naph+ 
tholphthtlcin (ycllow at pH T, bluc at pH 9) to phonolphtnalein. 
With the nophtholphthalcin tho end point would be green (ycllow of 
methyl orange or paranitrophcnol plus bluc). 
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by titration as usual in the electrolyte. This is Tschischewski's method. (9) 
It is believed this method does not function ee because of the 
presence of sulfate ions in the solution. 


C. Electrolysis with a Mercury Cathode and pean 


Procedure. - Treat 0.5 to 1 gram of the alloy with 10 to 15 ml, of 
dilute HoSO, (1:3), and heat under a reflux condenser until solution is 
complete. Cool somewhat, add 3 to 5 drops of Ho0e (30 percent), and again 
boil for a few minutes. Add 50 ml. of cold Ho0 and then N NadH (free from 
C02) until the HoSO} has been neutralized. Next add 3 to 5 drops of HeS0h, 
and electrolyze at 5 amperes and 10 to 15 volts with a mercury cathode. 
The temperature of the electrolyte should be kept below 30° C, For this 
reason, the cell shown in figure 14 is desirable. This is 6.5 cm, wide 
and 11 cm. high, and mercury is poured to a-height of 2.5 to 3 cm, - Con- 
nections are made as shown, the stirrer is revolved at 3550 r.p.m™, and the 
cell is cooled in cold water. When electrolysis is complete (about 30 
minutes), draw off the liquid as the current is still passing, and rinse 
the vessel -and mercury. If the solution contains more than 15 mg. of 


boron, it should be diluted to exact volume and a suitable aliquot portion 
taken. Transfer the solution’ (not over 100 ml, in volume) to an Erlen- 


moyor flask, add 3 to 5 drops of methyl orange, and then titrate with a 
0.05 N solution of NaOH (freo from COo) until the color is faint rose. 
Continue the titration (with 0.01 N NaOH if the amount of boron is very low) 
until the color just changos to orange, as determined by comparing with a 
proviously preparcd standard. If desired, the cond point can bo fixed by 
adding an oxcess of the alkali and then carefully adding 0.05 or 0,01 N 
HoS0),. <All tho boron should now bo present as boric acid. Add a few drops 
of phonolphthalcin, take the rcading of thc alkalino solution, and then add 
it dropwise unttl the solution begins to show pink. Add 1 gram of mannite, 
and again titrato to a faint pink color. Add anothor gram of mannito, and 
so continuc as long 4s tho addition of the mannite causes tho color to dis- 
appear, Whon a@ pormancnt ond point is obtained, again tako the reading. 


Ono millilitor of 0,01 N alkali roprescnts 0.000108 gram of boron, If 
an 0.05 N solution is used it represents five timcs as mech, Tho strength 
of tho solution should be checked by titration against puro fuscd Bo03 which 
has boen carricd through all oporations in company with a suitable portion 
of stocl that is frec from boron, 


Glycerin can bo usod instead of mannite. .In this case the glycerin 
must be carcfully noutralizod before use. Approximately 10 ml. is necded, 


and the end point taken is that which is not affocted by tho addition of 
5 ml. more of glycorin. 


Mcthod D dopends on the extraction of boron by long boiling with 
other and its précipitation and woighing as boron phosphatc, BPO}. 
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dD, Heighing as pores Ehosphate 


Dissolve l. 2 grams of steel in a ‘mixture of 10 ao so-aei-ana- Ste 
of “Ho0 under.a reflux condenser. Oxidtze with 15 to 20 ml. of Hp0p (37 
percerit), and boil for 10 minutes. Cool’and pour into a. 400-ml. measiir‘ing 
flask. Precipitate the iron, chromium, and the like by adding 30 ml. of a 
solution of pure NadH (1:3). Dilute to the mark, mix, and filter to ob-. 
tain exactly 250 ml. (representing l gram of sample) « -Transf er to a plate. >, 
inum diah, and evaporate to about 10 ml, Cool in ice water, and adé dilute 
HCl:(1:1) until acid. . Transfer to tube A (fig..15), and wash with as-little . 
water as possible. Next carefully add enough freshly rectified ether go... | 
that the bulb B is nearly full. Add 20 ml. of ether to the flask OG, and.i--,. 
connect C, B, and D, The acidified solution of the borate mst not rise:- +. 
in B more ” than one-third of the way, and none of the solution mst ‘enter ok ae 
or the tube leading from B to C, WarmC on an electrically heated’ water: 
bath to a temperature at which the ether boils briskly and the Goridérived:.’” > 
ether flows into A in a steady stream, Extract thus for 19 to 20-heure.:~: : 
Cool, draw off the ether into flask C, and pour into a weighed platimm _: 
dish. Treat with 1 gram (with small amounts of boron, 0.3 gram)of (NH), joHPO), 
evaporate to dryness, and heat to constant weight ‘over -& ee burner. ea 
ag ue — eens 


The following two methods are described by the U.S. Stocl. Corp. rer) 
Method E is a combination of methods B and C, designed to permit the fe- 
termination, most conveniently, of boron in the presence of other common | 
alloying elements. 7 . 


E, Electrolysis Ovor_a Morcury Cathode and Calcium garbonsto. Separations | 


| Special Solutions Required. - All solutions must be ean and. kept 
so that they will be BCE of C02, 3 | 


_ Phendlphthaloin Indicator Solution - Dissolve 1 geen or phonol phthaloin 
in 100 ml, of neutral cthyl alcohol freshly distillcd from CaO and add 100 
ml, of COo-free water. | | 


| Mannite - Use solid reagent. This compound, correctly’ decignated: ag 
mannitol, hag the formla C Gig ( OH) 6. | ae ’ 


Standard godtun hydroxide solution, O.1N - Dissolve ‘100 erema of NaoH 
in 100 ml. of HoO in a waxed tube. Since the solution must be absolutely 
froe of carbonate, add a fow ml, of Ba(OH)o, and lot the solution stand 
sovoral days tightly stoppored or closcd with a stopper boaring a COp trap, 

-Carofully draw off 6,5 ml. with a calibrated pipotto, and diluto to 1 litor 
with froshly boilod cold water. To standardizc tho solution, uso puro boric 
-, acid @s follows: Fuse the acid in platinum dish, crush while still wart, 
and weigh 1.741 grams in a woighing bottlo.: Ada to 250 ml. of warm, freshly 
boilcd wator. Cool and dilutc to 500 ml. for 4 0.1N solution and ta 1. liter 
fora-Q.05N solution, One ml of 0.1N solution oquals 0,00108 gram of boron. 
Standardizo tho NaQH solution against this solution by dircct titration, 
using tho same volumes, ctc., as dirocted in tho mothod. Also add measurod 
amounts to a boron-froc stcol solution and analyzo by tho samo vroccdure 
used in analyzing the samplo. 


1070 ~ 25 - 


Google 


I.C. 73563 


Solution of the Sample and Separation by Electrolysis. - Transfer 1 
gram of the sample of steel to a 150-ml. Erlenmeyer flask equipped with a 


reflux condenser, Ad 15 ml. of dilute sulfuric acid (1:34), and let the 
steel dissolve in the cold, if it'will. If not, heat gently until solu- 
tion is complete. Cool, if necessary, add 5 to 8 drops of 30-percent Ho05 
(Porhydrol ) y end boil for several minutes to oxidize the iron, etc. Pour 
50 ml. of warm water through the condenser to rinse it, disconnect it, 

and rinse the wall of the flask with a fine jet of water. Neutralize with 
1 N NaOH solution, COo-free, and acidify with 0.2 ml. of HoSO, (sp. egr., 
1.84). Transfer to a 250-ml. beaker containing about 1 inch of pure mercury, 
set the beaker in cold water, and electrolyze at 5 amperes and 10 volts 
until the solution is practically free of iron, keeping the temperature 
below 30° C. with ice water, if necessary. During the electrolysis, stir 
the solution mechanically, if possible; otherwise, keep it agitated by 
stirring frequently by hand. Decant the solution from the mercury into e 
small beaker and treat as directed below. 


Titration of H5B03 5 Absence of Al, As, Cb, Ta, Ti, W, V, or Zr. - 
Filter the solution into a 250-ml. beaker, and wash with water to a total 
volume of 100 ml. Add 43 to 5 drops of methyl orange, and titrate the free 
H,S0, with 0.05 N NaOH to a faint rose color, then dropwise (preferably 
with 0.01 N solution if boron is low) to orange. Back-titrate with 0.05N 
H2S0,, if desired to fix the end. point. Add.a few drops of phenolphthalein, 
take the alkaline reading, and continue adding the sodium hydroxide solution 
until the solution begins to show pink. Add 1 gram of mannite, and titrate 
to a faint pink. Repeat until the addition. of mannite does not cause the 
color to disappear, and take a reading. Calculate the percentage of boron 
in the sample. | | 


» 


Soparation with CaCOz and Titration of eS - Transfer the electro- 
lyzed solution to & round-bottom -ml., Jena flask equipped with 4 reflux 
condenser; add 1 gram of ferric sulfate or chloride and 100 ml. of water. 
Mix and add, all at once, twice as much very finely ground pure calcium . 
carbonate as is required to neutralize the acid, and boil the solution 
under the reflux condenser for 30 minutes to decompose bicarbonates and 
expel COo, Add 50 ml. of well-washed asbestos fiber suspended,in hot 
water, and boil 5 minutes longer. Filter through paper in a Buchner funnel, 
and wash 8 to 10 times with boiling water.. Remove the funnel, and apply 
the suction direct to the flask to cause low-temperature boiling and expel 
CO2 completely. 


Cool the solution rapidly to room temperature, add a few drops of 
pehnolphthalein solution, and titrate with 0,05 N NadH to a pink color. 
Add 1 gram of mannite, and add moro NadH to a pink end point. Repent the 
addition of mannite and the titration until mannite does not cause the pins 
color to fadc. Subtract the milliliters of NaOH used in tho blank run, 
using the same amount of ferric sulfate or chloride, and mitiply the cor- 
rected volume by tho boron titer of the NeOH solution. Multiply by 100, 
and divide by the woight of sample used to find the porcontage of boren. 
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The U. S. Steel Corn.(14) states that the following method gives 
reasonably accurate results for the determination of boron in iron and 
steel. 


F, Method Based Upon the Calcium Carbonate Separation 


Transfer 2 to 3 grams of the sample and the same weight of a sample 
of steel free of boron but otherwise of similar composition to separate | 
round-bottom flasks, and treat each with a mixture composed of 10 ml. of — 
HoO, 10 ml. of HCl, and 10 ml. of HNO.z, using no more than is necessary ~ 
to dissolve the sample and leave a moderate excess. When action of the 
acid mixture has ceased, cool the flask and contents to room temperature, 
rinse the neck with a little water, and, while agitating vigorously, add’ 
dry, finely powdered calcium carbonate (CaCOz) to complete neutralization 
of the solution, To decompose bicarbonates formod and expel carbon dioxide, 
add 250 ml. of freshly boiled water, attach tho flask to a roflux condenser, 
and boil the mixture for 30 minutes or longer. Introduce about 50 ml. of a 
hot, neutral, water suspension of thoroughly washod asbestos ad oe end — 
continue the pod ling for 5 minutes. 


Filtor the mixture by suction upon a Buchner funnol, and wash the 
insoluble matter 10 times with boiling hot water. Romove the funnel, and 
apply suction direct to the flask to free tho solution ontirely of CO». 
Cool rapidly to room temperature, and proceed with the titration at once. 


Titrate both the blank and the sample with 0.1 N NaOH and mannito, 
és directed in the last paragraph of the preceding method, From the vol- 
ume of the 0.1 N NacH solution required to titrate the samplo, subtract 
the numbor of milliliters roquircd to titrate the blank. Multiply the 
difforence by the boron titor of the solution, and by 100, and divide by 
the vereue of sample uscd to find the paregne boron in tho samplo, © 


Al, Tho Distillation ~ Titration Mothoa 


As the rosult cf modifications of mothod A by Haguo and Bright, (13) 
distillation as methyl borato followod by alkalimetric ee has 
become a reliable process. 


Haguo and Bright(13) described a mothod for detcrmining small amounts 
of boron in steols and irons. The procedure calls for (1) solution of the 
sample in hydrochloric acid followcd by oxidation with hydrogen poroxide, 
(2) distillation of methyl borato (Chapin's mothod),. and (3) titration of 
borie acid with sodium hydroxide in the presence of mannito. Sclonium 
and tollurium do not intorfcre; but germanium, a very minor constituent ~~ 
rarely present in fcrrous alloys, causes small positive:errors. Hague 
end Bright givo directions for examining any acid-insoluble matorial for 
boron. Data obtainad by applying the method to & number of ferrous alloys 
show that results accurate to 0.002 percent can be. sla ae irons” 
and steels containing 0. (005 to 0.1 nonce of pore 3 ‘ 
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Concerning this method, Sayre(2h) reported it can be used successfully 
in determining quantities varying from 0.0001 to 0,005 percent of boron, 
Under general continuous laboratory practice, steels containing small quan- 
tities of boron can be analyzed to +0.0003 percent boron. Scme work has 
indicated that the amount of borax present in the laboratory glassware as 
borates may have an effect cn the-end result. The chief disadvantage of 
this method 1s the long procedure required. Hagye(24) described a new 
technique for determining the boron content of the residual matter left as 
a byproduct of the distillation-titration process. Results show that in 
most cases the quantity of boron remaining in insoluble compounds is 
actually larger than the dissolved boron. In virtually every case, the 
end analysis of standard samples shows that this method gives less then 
actual content. 


Kar(15) applied the Seon arid curcumin tests to the determina- 
tion of boron in steel. 


G. Colorimetric Method Using Quinalizerin 


Procedure. - The quinalizarin reagent ‘used in this test is prepared 
simply by adding 5 m. of .quinalizarin to 100 ml. of concentrated sul- 
furic acid and stirring. The actual procedure used in dotermining boron 
in steel is as follows: ae nee 


Transfer 1 gram of the steel to be analyzed to a 500-ml. flask, and 
add 15 ml. of 1:5 sulfuric acid. Heat on an electric plate under a ’ reflux 
condenser until the action is complete. Oxidize with 2 ml. of 5 percent 
hydrogen peroxide poured through the condenser, and boil for 15 minutos. 
Cool, filtcr, and electrolyze by & mercury cathode to separate the iron, 
manganese, chromium, etc. Filter the acid solution, add 10 ml. of con- 
contrated sulfuric acid to the filtrato, and evaporate to fumos. Cool, 
and pour the solution into a 100-ml, graduate. Add 5 ml. of ouinalizarin 
reagent solution, dilute to 100 ml. with concontratod sulfuric acid, and 
mix. Place the graduate on a white marble slab or othor suitable back- 
ground and compare the color with a standard (described bolow) by the ro- 
floctod light from a daylight lamp located bohind the tubo. 


The comparison standard for uso in tho quinalizarin tost should be 
preparcd as follows: ; 


Transfer 1 gram of boron-freo stcel to a 500-ml, flask, and add 5.7 
mz. of C.P. boric acid and 15 ml. of 1:5 sulfuric acid. Hoat under a re- 
flux condenser, and proceed in the samo manner as described above until 
the clectrolyzed sample is ovaporated to fumes, Cool,and dilute to 95 ml. 
with concentrated sulfuric acid. Each milliliter of this solution will 
contain 0.001 percent boron, Add 5 mi. of tho quinalizarin reagent solu- 
tion, and mix. Transfer to a Nesslor tubc, and compare tho color with that 
of tho unknown. - | | : 


Spocial Aspocts of the Quinalizarin Tost. - Beryllium and magnesium 


interfere with this determination, as quinalizarin roacts with these clemcnts. 
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The determination cen be made only in concentrated sulfuric acid; other 
acids produce no color with quinalizarin, | 


Iron, manganese, chromium, etc., do not affect the color s¢.long as 
boron is present and the steel solution is in concentrated sulfuric acid. 


Keeping ferric sulfate clear in sclution in concentrated sulfuric acid 
is difficult. To obtain a clear solution in concentrated sulfuric acid, 
the iron and the other constituents of the steel must be removed, prefer- 
ably by electrolysis. 


The same volume of quinalizarin sdélution mst be used for all determina- 
tions,’ A quinalizarin blank in a separate tube mist be used to ‘verify the 
change of colors from plain purple (color of quinalizarin in concentrated 
sulfuric acid) to light blue and then to deeper blue. The purple color be- 
gins to disappear at 0.008 percent boron, and the solution assumes a light 
blue color at 0.01 percent boron. Deeper blue colors will be observed when 
the sample contains more than 0,01 percent boron, 


The quinalizarin test for boron in steel is simple and rapid, The 
color change 1s so sharp that the presence of 0. 001 percent boran in the 
quinalizarin solution can be noticed easily. 


Hie Colorimetric Method Using Curcumin 


The curcumin reagent used in this test is prepared as follows: Add 
100 me. of curcumin to 100 ml. of 95 percent ethyl alcohol in a stoppered 
‘bottle, and shake to dissolve. Allow to settle overnight, and filter. 
This reagent is applied to the determination of boron in steel as follows: 


Transfer 2 grams of the stecl‘to a 500-ml, flask, and add 25 ml. of 
lsl hydrochloric acid. Heat on an electric plate under a roflux condenscor 
until the action is complcte, Oxidizce with ono or two crystals of potassium 
chlorate dropped through the condenser, and boil for 15 minutes. Cool, and 
transfer the solution to a flat-bottom platinum dish. Add 10 porcent sodium 
hydroxide, preparcd in another platinum dish, until the solution is alkaline, 
and add 5 ml. in excess. Boil 1 minuto, and allow to cool, Dilute to 200 
mle, and mix thoroughly by pouring from une platinum dish into the othor four 
or five times, Filter 100 ml, (equivalent to a l-gram portion) into a plati- 
num dish, and acidify with hydrochloric acid. Transfer the solution to a new 
casserole and add 0.5’ gram of oxalic acid. Add 0.5 ml. of curcumin solution 
for each estimated O,. OL percent of boron Preeeny: and evepenate to dryness on 
@ steam bath. — 


The color of the dried mass at this stage is important. <A white color 
with a yellow cast indicates the absence of boron, while a red color indi- 
cates its presence. If too mich curcumin is used, a definite orange shade 
appears. In this case, the portion mst be discarded’and the operation 
repeated on the remaining aliquot, using less curcumin. 
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If the red color appears, cool and dissolve the salts in 100 ml. of 
cold distilled water, Filter, and wash with cold water. Discard the fil- 
trate, and place a 100-ml., graduate under the funnel. Add 10 ml, of 95- 
percent ethyl alcohol to the residue in the casserole, agitate to dissolve, 
and transfer to the filter paper, Repeat this operation three or four times 
to wash all the colored boron compound out of the casserole and filter paper. 
Dilute with alcohol to 50 or 100 ml., and compare the color with a standard 
(described below) in a colorimeter. The comparison See for the cur- 
cumin test is ‘propared 88 poreonss 


Transfer 2 grams of Sivcnet ec steel of the seme general composition 
as the one being tested to a 500-ml. flask; add 25 ml. of 1:1 hydrochloric 
acid and 5.7 mg. of C. P. boric acid (equivalent to 1 mg. of boron). Heat 
to dissolve, and proceed as described above until the solution is evaporated 
to dryness. Take up with alcohol, and compare the color with the unknown in 
a colorimeter. If desired, a series of standard colors may be prepared by 
dilution, using 0.002 percent boron as gradations. - 


Special Aspects of Curcumin Test. - Iron, manganese, een etc., 
must be removed by sodium hydroxide because they mask the color of red 
boron compounds. Sulfates mst be absent, as they destroy the red color 
when evaporated to dryness. Chlorides do no harm, and a slightly acid HCl 
solution is the most favoreble medium for the action of curcumin with doron 
in the presence of oxalic acid, Beryllium mest also be absent beceuse cur- 
cumin reacts in the same manner with it. as with boron. .. 


Sélection of the dishes to be used for boron determinations is impor- 
tant. Practically all glass and porcelain ware contains boron, Therefore, 
alkaline solutions mst not be placed in such dishes. Flat platinum dishes 
are most suitatlo for this kind of work, Final evaporation of slightly acia 
solutions can be made in now casseroles. 

The use of curcumin mist be controlled so that any oxcoss will be 
avoided. Curcumin does not combine with sodium salts, Excose of curcu- 
min Will separate out in its original-state by evaporation; both the cur- 
cumin and boron compound will: dissolve in alcohol and thus will ‘dilute the 
color because the color of curcumin is orange yollow in aeons and the 
color of boron is deep red in alcohol. 


' Piggott(22) believes that, in Ker's adaptations or the quinalizarin ard 
curcumin tests, the conditions are somewhat critical. 


Corbett and Williams(125) examined the colorimetric method developed 
by the Youngstown Sheet & Tube Co, for determining the percentage of boron 
in stcel and found it simple, accurate, precise, and rapid. Rudolph and 
Flickinger(25) report that this method is accurate to +0,0005 percent, A 
careful analyst, using the samc reagents for his samples as he uses to makc 
his standards, can readily detect 0.0002 percent boron'in either the soluble 
or insoluble portion of ‘the stoel. . 
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| Ordinary glassware is used. The authors of this method use bacteria 
-culture- tubes for dissolving the sample, pyrex or plain glass funnels for 
filtering, and le5-ml. flint-glass oil- -sample bottles for EoTEnaeeus . 


It ie necessary for the analyst ‘to have his glassware dieasi and dry, 
-.gince any dilution of the finel strength of sulfuric acid influences the 
depth of color. A sufficient amount of the 98.5 percent sulfuric acid and 
quinalizarin reagent should be made to provide 4 supply to last 2 or 3 
months, The standard colors last almost indefinitely if kept tightly 
stoppered but should be remade whenever a new supply of the 98.5 percent 
HoSO, is prepared, 


' - An experienced analyst can determine boron in 15 to 20 samples of 
steel in 8 hours by this colorimetric method, 


é 


I. Colorimetrie-Method of the Youngstown Sheet & Tube Co. 


Reagents. - Sulfuric acid'(98.5 percent by weight). - To 1200 ml. of 
ordinary concentrated sulfuric acid (specific gravity 1.84, 95.5 percent) 
add 600 ml, fuming sulfuric acid (20 percent), mix well, and allow to cool. 
This should be kept tightly stoppered while not being used. Store in a 
glass-stoppered bottle. ; 


Quinalizarin solution, - Dissolve 0.01 gram of quinalizarin fastmen 
Kodak Co, 2787) in 100 ml, of strong sulfuric acid made by slowly adding 
9 volumes of 98.5 percent by weight sulfuric acid to 1 volume of Ho0. 
Store in a Bl aaee stoppered bottle. 3 


Standard boric acid solutions. - Dissolve 2.8578 grams of boric acid 
in 1,000 ml. of distilled water. This solution contains 0.5 mg. of boron. 
per milliliter and serves as the primary (A) base stock solution. Prepare 
-@ second (B) stock solution containing 0.01 mg. of boron per milliliter 
by diluting 20 ml, of (A) stock solution to 1,000 ml, with. distilled Ho0 
and a third (C) stock solution containing 0. O01 mg. of boron per milli- 
liter by diluting 100 ml. of the second (B) stock solution tc l, 000 ml, 


Dilute sulfuric acid (1-4), - To 400 ml. of distilled water, 6 slowly 
add 100 ml. of concentrated sulturic acid, specific gravity 1.04, When 
cool, dilute to 500 ml. Store ina glass- stoppered bottle, ~ | 


Apparatus. - Test tubes 17 cm,° Long, with inside diameter 1.8 cm., 
mar ice a with a file at 10 ml. 


Air condensers, - Glass tubes 3 ml, inside diameter, about 70 cm. 
long, each fitted on one end with a No. 3 one-hole rubber stopper to fit 


the test tubes. 
‘Bottlo for doveloping the color of standards and samplos. - Preforably 
glass-stoppored, having at least 50-ml. capacity, with inside diameter of 


3 cm. Tho final solution in these bottles will have a depth approximately 
the same as the diameter. 
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eter theso eontavda aro meseieed. into dry Aeaetecn bottios, 20 ml, 
of tho 98.5 porcont HoSO) aro added slowly:.:and stopporcd. Whon cool, 1.0 
ml. of the quinalizarin solution from & pipctte is addod and thc solution 
mixed by gontly swirling ahd stoppored tightly. After 15 minutos, the 
colors become fully developed and ara ready for use. Thoy aro pormanecnt if 
kept stoppercd to provont apeerptton of wator. a 


Ono-gram portions of: Baca of .Standards samplo 55-8 or sities poron- 
free stcol. arc woighed into sovon dry, markod, test tubos and troated as 
indicated in table 5. 


Procedure...-. One gram of the steel: to be tested is placed in a marked 
test tube, SB ml. of HoSOy, (1-4) are added,: and: the. test: tube is stoppered 
with an air condenser and placed in a beaker of hot water. When all action 
ceases, remove the test tube, and cool:with. running water. Disconnect the 
air condenser, and wash down the inside with two 6.5-ml. portions of water, 
collecting these washings in the test tube. Dilute to the 10-ml. mark with 
distilled water, mix. thoroughly, and filter through a close, dry, 9-cm. 

-. paper, collecting the filtrate:in a dry, small beaker or test tube. 
ae ak This filtrate contains the boron which is solublo in HoSO}, - 
1 


- ‘Replace the beaker or test tube with another, and wash the paper with 
distilled water, then with dilute HoSO) (1-20) and finally with water to 
remove all.acid. Discard the washings, After. all washings havo drained 
from the paper, scatter 0.5 gram of NapCO= on the inside of the paper. 
Place in a small platinum crucible (about 10- to 15-ml. capacity; a cruci- 
ble used for volatile matter in.coal will suffice), and ignite-at e low 
temperature. When all.or nearly all the paper is burned off,, increase the 
temperature, and fuse the residue in 15 to 20 minutes, Allow to cool, and 
add 5 ml. of distilled water, then slawly add dropwise H5S0), {1-1) until 
all is dissolved and the solution is slightly acid. Avpid an excess of 
more than 4 or 5 drops. Transfer to a marked test tube, and rinse the 
crucible with two l-ml. portions of water, add approximately 0,02 gran 
of NapSo0z, cool, dilute to the 10-ml, mrk, and mix well, This solution 
contains. the boron which is insoluble in FSO), (1-4). 


“pipette 2,.O-mL. sateusté of each of the two foregoing propa od: por- 

tions into dry comparison bottles. Slowly add 20 ml. of 95.5 percont HpSOy 

to each, stopper, cool, and then add 1.0 ml. of the quinalizarin solution | 
from a pipette, stopper, and mix by swirling gently. The salts formed in | 
the bottle containing the acid-soluble portion will settlo sufficiently for | 
comparison aftor standing for an hour (preforably overnight) while the color 
produced in the acidéinsolublo portion my be compared after standing 15 ! 
minutes, sinco no salts are procipiteated, : 


‘By sterting smillor samples. thon 1,0 gram and/or by using smollor 
aliquots, groater percentages of horon may be determined. 
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TABLE 4, - Standerds for boron in HoSO, (1-4) insoluble portions of stcel 
Boron in "Distilled! Boron 5B and Boron in sample 


| colored | water , | C solutions, | using O,2-gran 
No. of sample ___| standards ml. ml, ‘aliquot, percent 


J OVW Fw Ww 


Sou ecossivanee) 0.0000 Nil 
ov.ccvecesesoes | ~0010 0.0005 
Sunes eeeannese: | 0020 © 0010 
seaheus Gan ene ss 0030 .00L5 
Neos tAbmhes bas 0040 ~~" 0020 
pas ARC ARO KS } 1:50 .50(B) 0025 


““PABLE 5. - Standards for boron in H>S0), (1-4) soluble portion of steel 


,Concentrated! Boron 4°. 


[Boron in l- | H-S0} | Band Cj aeron in i 
\eram aoe SP Gre 1.8h, Isolution,} 


0,0Q000 


L‘cgeecccnees Le : | 0,00 br 250 Nil; 
Se eenteetenee ~0050 | Ls it ,OOrC) 125.2650. 0.0005 
Gn Wine 4 .0100 | 1.5 | 1.00(B). | 5.50 | £0010 
i scgweesaabi .0150 | 1.5 | ) a 

5 scoctecccces »0200 | 1,5 : ) | 

G wepaessecext “GOESO: hie | | | 

{Pere eee e .0300 1.5 | ) | | 


In general, end results as ebtained by the colorimetric method are 
comparable in accuracy to those obtained by the distillation-titration 
method, 


Colorimetric Method of: ee Proctor, and ura 


Weinberg and othera( 27) picceatnd a rapid procedure for the Anberiidatton 
of small amounts of boron, ranging from 0.001 to 0,005 percent, in corrosion- 
resistant steels. The sample is dissolved in dilute HCl under a reflux con- 
denser. ‘Hydrogen peroxide is added to decompose carbides, and the excess is 
decomposed by boiling. The insoluble material is filtered,. fused with” — 
NagC0z, and combined with the main solution. The solution is adjusted to 
volume, made just alkaline to litmus with sodium hydroxide pellets, and 
filtered. A clear aliquot portion of the filtrate is acidified with HpSO4 
and evaporated to S04 fumes. <Acid evaporation without loss of boric acid 
is possible in the presence of. alkali salts. The volume is adjusted with 
concentrated HoSO4, and quinalizarin solution added. After full develop- 
ment of color, the solution is compared either visually oy’ on. the photo- . . 
electric colorimeter. This method i8 ‘satisfactory for. routine use in ey 
colored solutions where the boron. cannot be Segre directly. 
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K. Woodward Method 


Woodward(2%) satisfactorily substituted Chromotrop 2B (p-nitrobenzene- 
azo-chromotropic acid) for quinalizarin in steel analysis. The reagent is 
less sensitive than i capensis ‘to boron. 


ia. Mieeteoustets. Nethied ct Camptell and ‘Fay 


Campbell and Fay(135) developed an ekectrometric method for de 
boron in steel. The ‘solution resulting from the precipitation and filtration 
- of the iron is placed in a emall (200-ml.) beaker.’ A Clark hydrogen elec- 
trode is then introduced, and as soon as the hydrogen flow has Decome. steady, 
the tip of a tube leading to a standard calonel elément is placed. &s.near 
the hydrogen electrode as possible. .This tube contains a saturated selution 
of potassium chloride, as does also the calomel element, and the .tip is 
loosely plugged with cotton to minimize diffusion. ’. Phere is thus formed a 
voltaic cell, the electromotive force of which depends solely upon the con- 
centration of By eroe en lions in the boric solution - This o.mf. was measured 


resistance. The boric acid Concentration corresponding to.a given value of 
E may be computed from the relations: | 


B = 0,0495 40,0591. 106 Bt, i ree ee 


K= Ht (HpBOs)- Sat eee 


SRE; 205-7. SERRE , vena i 
eae 15s a : ween 


where K is the equilibrium constant for the primary dissociation ' of ' the | 
orthoboric acid and has the mean value 6. 61x10-10 at 25° C, Tho term 
H3B03 represents the equilibrium concentration of boric acid; but this 
may be taken as giving the total concentration with error of less than 
0.05 percent when this concentration is ‘less than 10°* equivalents per 
liter. The equivalents per liter of boric acid being known, the weight 
of boron may be computed at once from the fact ee aaa ale oes 
grams of boron. a he eh 

A few precautions nies be cbecieved. in, ee this method. First, all 
solutions must be free of carbon dioxide. ‘Second, since ‘the resistance of 
boric solution is oxtremely high, boing of the same order.as-that of good 
distilled H50, every means mst be employ od to minimize the cffoect of this 
rosistance. Tho actual ohmic resistarico of. ‘this part of, tho circuit varies 
directly as the length of the path;: henco| ‘the, tip of the tubo connecting 
with tho calomel clemont should be placed es ‘close as possible to the 
electrodo. Further, since the presenct of ‘any ethcr ions.of greatcr mbil- 
ity than those of the boric acid has a marked offoct on the. eym.f., the tube 
from the calomel element should not be introduced. until everything is ready - 
that is, until a setting for null point cari be obtained in the shortest 
possible time - otherwise, diffusion of chloride and potassium ions will 
throw the determination out entirely. The presence of gases other than 
hydrogen in the platinum electrode is expecially to be guarded against. 
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Atmospheric oxygen is the most common of these; it may be removed by making 
the electrode the cathode in an electrolysis cell, in which case the oxygen 
is reduced to water. When the electrode is not in use it should be kept in 
a stoppered jar of distilled water. With all precautions duly observed, the 
ultimate accuracy of setting of the potentiometer was found to be +0.00005 
volt. The resulting accuracy in boron percentage is, however, well within 
the limit of experimental error of the rest of the analytical work. 


M. Crafts and Lamont Method 


The method used by Crafts and Lamont(117) to determine boron in steel 
was developed by Porter, Napoleon, and Cunningham, of the Union Carbide & 
Carbon Research Laboratories, Inc. The procedure consists in dissolving 
the steel in phosphoric acid in a quartz flask equipped with a reflux con- 
denser and subsequently separating the boron from the iron by cyclic dis- 
tillation with methyl alcohol, the determination being finally completed 
colorimetrically in an electrophotometer, 


N. opectrographic Method 


Masi(18) described a spectrographic method for determining boron in 
steel. The steel (carbon 0.63 percent, manganese 1.11 percent, phosphorus 
0.027 percent, sulfur 0.032 percent) with a known amount of Bo0z added was 
dissolved in 1:1 HCl, and graphite electrodes were impregnated with the 
solution. With a spark source and a Zeiss Qu 24 quartz spectrograph, boron 
was determined over the range .0.03-2.01 percent; for the lowest concentra- 
tions the sensitivity was very small, but above 0.2 percent the accuracy was 
+5 percent. The pair of Fe/B lines which gave the most satisfactory re- 
sults was 2533.8/2497.72. The optimum conditions were: slit width, 0.02 mm 
5 mm. rectangular diaphragm; distance between electrodes, 4 mm.; exposure, 

2 minutes. 


The spectrographic method. of analysis makes no distinction between 
soluble and insoluble boron compounds, while the chemical methods separate 
and analyze those distinctly. 


The following table indicates the authors' opinions of the accuracy 
of the methods and the ranges of boron content in which each method is 
useful. Information supplied by authorities other than the author of the 
method is so indicated in the column under remarks. 


Method Accuracy, percent Range, percent Remarks 
Alsees 40.002 0.005-0.1 7 
Ale.e. + 20003 .0001L-.005 ‘Reported by Sayre(24) - 
Gewese eOOl= .03 _ ) 
Hewes a ~OOlL= 03 
Teesee $¢ 20005 -0002 
Teeeee + .0002 Reported by Lewis(24) 
Jecoce - 001 e00l= .005 
Neeeee +5 above 0.2 percent . .03-2.01 
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Since the writing of this manuscript the following threo evry n 
the analytical detcrmination of boron in stecl have boen abstrected,6/9/10/ 


Makhine, Z. S., and Aleshin, A. F., Detormination of Boron ‘in Stcel: 
Zavodskaya Lab., No. 1, vols 11, 1945, pp. 23-30; Chom, Abs., Ne, 18, 
vol. 39, Sopt. 20, 1945, - pp. hO19- 4020. 

9/ Gegochkori, N. M., and Fal'kova, 0. B., Spoctroanelytical Detormination 
of Boron in Stocl:Zavodskaya Lab., No. 1, vol. 11, 1945, pp. 71- Th; 
Chom, Abs., No. 18, vol, 39, Scpt. 20, 1945, De 020. a2 

10/ Flickinger, L. C., Mothods and Accuracy of Boron Detorminationg by the 

Quinolizarin Mcthod: Proc. Conf. Nab. Open-Hearth Comm,. Am, Inst. 

Min, and Mot. Eng., Iron and Stcol Div., vol. .27, 1944, pp. 497-199. 
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Method of Refining Iron and eeec: U. Ss. Patent 1,453,734, 


flloys Containing Boron, Chromium, and enone 
Patent 1 7495, 191, May 6, ig2h. 


U. S. 


WALTER, RICHARD, Alloy. U. S. Patent 1 ,509, 62h, Sept. 25, ‘192k. 


Boron in Iron Alloys. U. S. Patent 1 519,38, Dec. 16, 192. 


MATTICE, ROYAL, Method of and Apparatus for Purifying Molten Metal. 
Us Se Patent 1,559,542, Oct. 27, 1925. 


MITAGUCHI, T. 
May.1y, 1925. 


Method of Making Iron and Steel, U. S. Patent 1,537,957, 


‘U.S. Patent 1 » 562 ,Ok5, Nov. » 1925. 


U. S. Patent 1,562,062, 


PACZ, A. Iron-Boron Alloy. 
Process of Preparing Boron-Tron Alloys. - 
Nov. 17, 1925. 


LAPSLEY, H. G. Method of Purifying Molten Metals. ws S. Patent 
1,578, Ob, Mar, 23, 1926. | 


br Be be AND FRANKS, R. Wear-Resisting Alloy. U. 5. Patent 


Oxidation Resisting Material. U. &. Patent 
1,641, 752, Sept. 6, 1927. | 


LOHMANN, H. ‘Very Hard Metallic Alloys. U. S. Patent 1,652,027, 
Dec. 6, 1927.: a. 


FRANKS, Re Alloy for Welding Rods. U. S. Patent 1,671,417, May 29, 


1928, 
U. S. Patent 1,674,119, 


MIYAGUCHI, Tf, Ferroboron and Boron Steel. 


June 19, 1928. 


5 ch 


MOORMANN, T. A. Steel Alloy and Propose of Making the pane. U.S. 
nevane: L, , 659,661, Feb. 21, 1928. ey : 


ARMSTRONG, PERCY A. E, Heat-, Rust-, and Acid-Resisting Ferrous 
Alloy. U. S. Patent 1,850, 953 3, Mar. 22, 1932. 


DAVIES, ALFRED H. Composition of Matter for Use in Metallurgical 
Operations. U. S. a 1,848,523, Mar. 8, 1932. — 


Composition of ees and Process of Treating Molten Metals. 
U. Sv Patent 1 1945 260, Jan. 30, 1934. 
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183. DELACHAUX, CLARENCE L, Aluminothormic Preparation of Air-Quonching 
Steel. U.S. Patent 1,954,922, Apr. 17, 1934. 


184, HOMERBERG, VICTOR 0. Ferrous Alloys Suitable for Surface Hardening by 
_ Nitriding. U.S. Patent 1,944,178, Jan. 23, 1934, 


185. NOVAK, JOSEF, AND KESSEERING, Roman, Ledeburitic Preliminary Iron 
Alloy free from Graphite. U. S. Patent 1,947,656, Feb. 20, 1934, 


186. POKORNY,. ERNST, AND SELIGER, HELLMUTH. FERROBORON. U. S. Patent 
1,964, 139, June 26, 1934. 


187. WHITELEY, JOHN T. Hardened Ductile Steel. U. S. Patent 1,959,398, 
May 22, 1934, | 


188. _ Steel. U. S. Patent 1,959,399, May 22, 1934. 
189. AMMANN, ERNST, Welding Rods. U. S. Patent 1,999,888, Apr. 30, 1935. 


190, CARIUS, KARL. Articles Which Have A Reduced Tendency to Rust. U. S. 
Patent 2 ere Sept. 3,° 1935. 


191. KORMANN, FREDERICK A., AND HIRSCH, WALTER F. Process of Making a Hard 
Lining Metal. U. S. Patent 2 ,025,060, Dec. 24, 1935. 


lige. ANDRIEUX, JEAN L. Alloys Containing Boron. U. S. Patent 2,033,172, 
Mar. 10, "1936. ; . 


193. DEGOLYER, AG. Weldrod. U.S. Patent 2,050,043, Aug. 4, 1936. 


194. KORMANN, FREDERICK A., AND HIRSCH, WALTER F. Hard, Substantially 
Unmachinable Cast Ferrous Alloys. U. S. Patent 2, Oh6 912, July 7, 


1936. 

195. Herd Cast-Iron Alloy. U. S. Patent 2,046,913, July 7, 
1930. 

196, PILLING, NORMAN B, Method of Treating Alloys. U. S. Patent 2,048,16h, 
July 21, 1936, | 


197. PILLING, NORMAN B., AND MERICA, PAUL D. Hard Ivon-Nicke]-Titanium 
Alloys. U. S. Patent 2, OL8 163, July 21, 1936. 


198. SCOTT, HOWARD. Fused Joints between dae and Metal. U.S. Patent 
2 ,065, 104, Dec, 22, 1936. : 


199. ANDRIEUX, JEAN L. Process for the Preparation of Alloys Containing 
Boron. U.S. Patent 2,091,950, Sept. T, 1937. 


200. . ZIMMERMAN, RUFUS E., AND KING, CLARENCE D. Making Rimmca Steel. U. 5S. 
Patent 2, 102 2502, ase. 14, 1937. 
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BURDEN, WM. M., AND HARRISON, REGINALD. Method of Manufacturing Alloy 
Steel, U. S, Patent 2,128, 601, Aug. 30, 1938. 


DEGOLYER, ANTHONY G, Weldrod. U. S. Patents 2,104,693 and 2,104,694, 
Jan. 4, 1938, a — | 


Manganese Alloy Stéels. Ui. S. Patent 2,129,346, Sept. 6, 1938. 


Alloys Suitable for Cutting Tools. U. S. Patent 2,135,494, 
Nov. 8, 1938.° _ 


, Boron Alloy Steels. U. S. Patent 2 ,137,109, Nov. 15, 1938. 
REITZ, HEINRICH, HENGLER, ERICH, AND BUTTINGHAUS, ALFRED. Corrosion- 
Resistant and Cold-Workeble Molybdenum Steel. U. es Patent 2,110 891, 
Mar. 15, 1938. © 


LENZ, KURT, AND WOECKEL, ERNST, Sealing Materials for Vacuum Vessels. 
U. S. Patent 2,159,808, May 23, 1939. 


SCHLUMPF, ROBERT W. Hard Abrasion-Resisting Alloys Suitable for 
Nozzles for Use in Sand Blasting, etc. Ue S. Patent 2,160,290, 
May 30, 19396 | : 


ANDERSON, CLARENCE T. Alloys of aanieied. Chromium, Iron and 
Boron. U. S. Patent 2,221,627, Nov. 12, 190.,° . 


CHARLTON, GEO, Heat Erosion Resistant Alloy. U. S. Patent 2,227,065, 
Dec. 31, 1940. ; | ae 


CRICHETT, JAMES H., AND CRAFTS, WALTER, Addition Agent and Its Use 
in the Treatment of Iron and Steel. U. S. Patents 2,221 TS. and 
2,221,783, Nov. 19, 1940. 


DEGOLYER, ANTHONY G, Alloys Suitable for Cutting Tools. WU, S. Patent 
2, ehh 517, June 25 1941. jek 


SCHLUMPF, ROBERT W. Abrasion Resistant Alloy, U. S, Patent 2,268,427, 
Dec. 30, 1941. 


SCHLUMPF, ROBERT W.; AND WHITE, ‘ANDERSON D, Hard Metel Alloy. U. S. 
Patent 2, ’ 268, 428, Dec. 30, 1942. ae 


COMSTOCK, GEO. F. Alloy for Treatment of Steel... U. S. Patent 
2 5295, 706, Sept. 15, 1942. 


CRAFTS, WALTER, Decv-Hardening Boron Stccls. U. S. Patont 2,280,283, 
Apr. 21, 1942. | 


CRITCHETT, JAMES H., AND CRAFTS, WALTER, Method and Agont-for Troating 
Iron and Stcol. U. S, Patent 2, "280 ,063, -Apr. 21, 1942. 
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218, Method and Agent for Treating Iron and Stocl. U.S. 
Patents 2,280,284, 2,280,285, and 2,280,286, April 21, 1942. 


219. LYTLE, ARTHUR R. Steel Wolding Rods. U. S. Patent 2,296,938, Sept. 
29, 1942, 


ecO. RUBEN, SAMUEL. Boriding Refractory Metal Bodies Such as Electric 


Contacts of Tungsten or Molybdenum, U. S. Patent 2,307,005, Dec. 29, 
1942, 


221, STRAUSS, JEROME, Steel. U.S. Patent 2,291,682, Aug. 4, 192, 


eee. TISDALE, NORMAN F. Irons and Steels. Containing Boron, : U. S. Patent 
2,283,299, May 19, 19h2, 


223, McLott, Wm. C, Welding Alloy. U. S.-Patent 2,310,104, Feb. 2, 1943. 


224, SCHLUMPF, ROBERT W. Method of Attaching High Chromium-Ferrous Alloys 
to Other Metals. U. S. Patent 2,311,878, Feb. 23, 1943. 


British Patents 

COD. RUBEL, W. <A Process for the Manufacture of Iron Particularly Appli- 
eae: for Use in Dynamo-Machines and for Like a British Patent 
3,445, Jan. 29, 1914. 


226. BRITISH THOMSON-HOUSTON CO, (General Electric Cow). Steel Alloys. - 
British Patent 144,185, Nov. 4, 1919. 


227. CALORIZING CORP. OF AMERICA, Metallic Alloys, British Patent 184,840, 
Apr. 19, 1921. a 


228. MIYAGUCHI, T. Cementation of Boron into oem etc. ere Patents _ 
193,917 na 193,918, Nov. 3, gel. _ 


C09 eee Alloys, British Patent 195, 678, Nov. 3, 1921, 


230. FLETCHER, J. E., AND YOUNG, H. J. Improvements Related to Iron Castings. 
British Patent 245,196, Oct. 1, 1924. 


231, WALTER, R. Hard Alloys for Tools. British Patent 316,702, May 11, 
1928. 


232, IMPERIAL CHEMICAL INDUSTRIES LTD, Hard Alloys. British Patent 373,113, 
Nov. 1h, 1929. 


233, BRITISH AND DOMINIONS FERRO ALLOY <LTD., AND BAMPFYLDE, James W. Tool 
Alloys. British Patent 364,300, Dec. 11, 1930. 


234, DELACHAUX, CLARENCE L. Air-Quenching Steel. British Patent 361,390, 
July 18, 1930. 
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BURDEN, WM, MAC C., GENDERS, REGINALD, AND HARRISON, REGLIIALD, 


FANSTEEL PRODUCTS ae INC, Hard Alloys. British Patent 380,100, 


Oct. ll, 1930. 


FRIED, KRUPP A.-G. 
Iron-Boron Alloys. 


.lmprovements Relating to Processes for Improving 
British Patent 375,792, dune 26, 1930. 


FRIED. KRUPP A.-G. Friedrich-Alfred-Hutte. Heat Troatment of Allay 
Steele. British Patent 373,017, Aug. 23, 1930;— 


I. G, FARBENINDUSTRIE A, -G, 
June 22, 1933. 


Ferro-Boron, British Patent 394,275, 


SOC, ANON, COMMENTRY, Fourchambault et Decazeville, 
Alloys. British Patent 398,834, Septs 14, 1933. 


Nitriding Ferrous 


TOOL METAL MANUFACTURING CO., .LTD. British Patent 


392,038, May 11, 1933. 


Hard Alloys, 


_ Sintered Alloys. British Patent 395,134, July 13, 1933. 
FRIED. KRUPP A.-G. Improvements in and Relating to Steel Alloys. 
British Patent 409,411, May 3, 1934. 

KENKYUSHO, K, Z. Improvements in Metallic Alloys. British Patents 
405,607 and 405,650, Feb. 2, 1934. 


Improvements in Artificial Internal Parts of Human 


HAUPTMEYER, .F. 
British Patent 423,562, Feb. 4, 1935. 


or Animal Bodies, 


Im- 


pnovenente in or Relating to Alloy Stoels, British Patonts 457,760 


and 460,956, Nov. 30, 1936. 


INDUSTRIAL RESEARCH LABORATORIES, LID. Composite Articles. British 


Patent 462,285, March 1, 1937. 
atent 465,999, 


STAHLWERKE ROCHLING-BUDERUS A.-G. Iron Alloys. British P 


_ May cO, 1937. 


TRIGGS, WM, British Patent 462,254, Mar. 1, 


19357. 


BOROLOY METALLURGICAL CORP, Ferrous Alloys Containing Manzencse. 
British Patent 516,054, Dec. 21, 1939. 


WARREN, Cast-Iron Alloy. 


VANADIUM CORP, OF AMERICA AND STEVENS, ARTHUR H. Steels. British 


Patent 556,770, Sept. el,. ee 
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Patent 729,466, Mer, 14, "1932. ee 


HANTKE, M. GUSTAVE, (Steel.and Process for the Transformation of 
Determined Properti’s. ) French Patent 4bk, 635, Oct. 22, 1912. 


COMPAGNIE FRANCAIS FOUR D' EXPLOITATION DES PROCEDES ‘THOMSON -HOUSTON. 


’ (Improvements in the Manufacture of Steel Alloys. ) French Patent 


514,763, Mar. 18, 1921. 


WALTER, R, (Alloy of Metals of” tho Group Chromium and Iron with ~ 
Boron. } French Patent 533,444, Mar. 2, 1922. 


COMMENTRY, FOURCHAMBAULT, ET DECAZEVILLE, (Hardening roe 


e 


FRIED KRUPP A.-G. mane of acne Fronch Patent ns, 821, May 9, 
1931. 


ih 

‘SACHS, GUSZSTAHLWERKE DUHLEN A.-G. (Process of Manufacturing Articles 
Which Are to be Used in Machine Tools for Removing Tarnish. ) Fronch 
Patent 709,828, Aug. 3, 1931. 


7 F . 
soc, D' ELECTROCHIMIE, D! ELECTROMETALLURGIE ET DES ACIERIGS ELECTRIQUES 
D' UGINE. (Method of Manufacturing — Containing Boron.) French 
Patent 753,394, July 21, 1932. 


I, G. FARBENINDUSTRIE A.-G. (Forro-Boron.) French Patent 102,25, 
Sept. 20, 1933. - 


s 


soc, D' ELECTROCHIMIE, De ELECTROMETALLURGIE ET DES ACIERIES 
ELECTRIQUES D' UGINE,. (Deoxidation Slags.) French Patont 752,508, 


Sept. 25, 1933. 


SOC. INDUSTRELLE ET COMMERCIALE DES ACIERS, (Alloys Hardonod by _ 
Scgrogation.) Fronch Patent 762,044, Apr. 3, 1934. 


BOTTON, MAX, ieurtace-Berdantag ATIOys~) French Patont 785,683, 
Aug. 16, 1935.- ; | | 


FAULT, ‘A. CYRILLE DU; (Manufacture of Special White Cast Iron.) 


French Patent 779,307; Apr. 3, 1935. 


INDUSTRIAL RESEARCH LABORATORIES, LTD. (Metallic Tubes with Hard’ 
Lining.) French Patents 791, 645, and 791,646, Dec, 14, 1935. 


SOC. Dt ELECTROCHIMIE D' ELECTROMETALLURGIE BT DES ACIERIES ELECTRIQUES 
D'UGINE AND ANDRIEUX, JEAN L. (Alloys Containing Boron.) “French Patent 
788, 145, Oct. 4, 1935. : ae | 
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AKTIEN-GESELLSCHAFT VORM, SKODAWERKE, (Nonmignetic Steel.) French 
Patent 46,731, August 10, 1936. os , 


- 53 - 


Google 


T.C. 7363 


266, 


267. 


268. 


269. 


UNION ACIERS FINS (SOC, ANON.) 
800,554, July 8, 1956. 


SOC. INDUSTRIELLE ET COMMERCIALE DES ACIERS, 
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BERMANN, M.. (Manufacture and estate chcuene of High Speed Steels. ) 
German Patent 310,042, Nov.. 7, 19156. | 
WECKERLE, F.. (riseisiean Reaisianes: Units. ) German Patent 329,42h, 
Nove 19, 1920. 


DELACHAUX, CLARENCE LEON. (Intermediate Casting Metal in the Building 
of Railroad or Street Railway Rails. .) German Patent 585,261, Sept. 40, 


19536 


HERAEUS VACUUMSCHMELZE A.-G,, AND ROHN, W. (Hard Alloys’ for Tools, 
Armored Rollers, etc.) German Patent 585,823,:Oct. 11, 19353. 


MATHESIUS, WALTER, AND MATHESIUS, HANS, . ——— German 
Patent 606 »791, Dec. 10, 1934. . : , | 


Soc. D' ELECTROCHIMIE, D! ELECTROMETALLURGIE ET DES ACHIERIES ELEC- 
TRIQUES D'UGINE AND ANDRIEUX, JEAN L, ..(Alloys cette Boron. ) 
German Patent 608, 161, Jan. 17, 1935. 


(Methods of Improving the Propértiog, especially 
German Pavan’ ‘005803 


FRIED. KRUPP A.-G, 
the Hardness of Iron and Steel Alloys.) 
Sept. 24, 1936. 

soc, D* ELECTROCHIMIE, D' ELECTROMETALLURGIE ET DES ACTERIES ELEC- 
TRIQUES D'UGINE. (Alloys Containing pa German Patent 639,131, 
Nov. 28, 1936.. 


INDUSTRIAL RESEARCH LABORATORIES, LTD. (Iron Altoy.) Gorman Patent 
668,580, Dec. 6, 1938. ee rd 
HOUDREMONT, EDUARD. 
1939. 


STAHLWERKE ROCHLING BUDERUS A.-G. 
Patent 675,871, May 20, 1939. 


(Hardening Steel.) German Patent 675,236, May 3, 
(Sintered Metal Body.) German 
KOHLE-UND EISENFORSCHUNG G.M.B.H.. eisai Resistant to Hich Tempera- 
ture and Pressure.) German Patent 728,508, Oct. 29, 19h2.. 
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282, MARCH, JOSEPH R. C. (Investigations on the Improvement of the Proper- 
ties of Ingot Iron or Steel.) Austrian Patent 72,008, Jan. 1, 1916. 


283. FRIED. KRUPP A.-G. (Investigations on Improving the Properties Espe- 
cially the Hardness, Strength and Yield Point of Steel and Steel 
Alloys of Low Carbon Content by Precipitation Hardening.) ‘Austrian 
Patent 137,301, Apr. 25, 1934. 


28h. (Process for the Production of Sharp-Keeping Iron- and Steel- 
Alloys.) Austrian Patent 142,413, July 25, 1935. 


Belgian Patents 


285, LANDMETERS, J. C. (Ferrous Metal.) Belgian Patent 360,579, June 29, 
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J apanese Patents 


286, MIYAGUCHI, TAKEO, AND KAISHA, IBIGAWA DENKI KABUSHIKI, (Boron Iron 
or Steel.) Japanese Patent 42,203, April 4, 1922. 


287. HONDA, KOTARO, AND KASE, TUTOMJ, (Hard Alloy.) Japanese Patent 94,997, 
Mar, 15, 1932. 


Norwegian Patents 


288, HALVYORSEN, B. F. (Boron Alloys.) Norwegian Patent 20,344, Oct. 19, 
1909. 


Canadian Patents 


289. MARSH, J. R. C. A Composition of Matter for Treating Motals. Canadian 
Patent 163,327, June 2c, 1915. 


290. PACZ, A. Alloy. Canadian Patent 249,853, May 19, 1925. 


291. KORMANN, FPEDERIC an AND HIRSCH, WALTER F, Cast-Iron Alloy. 
Canadian Potent 359,434, duly 28, 1936. 


292, KEMPKA, FRIEDRICH. Wear-Resisting Alloy Surface, Canadian Patent 
370,273, Nov. 30, 1937. 


293. CHARLTON, GEO. Ferrous Alloy. Canadian Patent 396,807, May 27, 1941. 


294, WELCH, E. B., AND FIRTH, L. G. 1 alah Steel, Canadian Patents 
401, 498 ond 401,499, Dec. 16, 1941. 
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CRAFTS, WALTER, 
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High-Specd Tool Steel. Canadian Patent 401,500, Dec. 
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